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© Coccidiosis vaccines. 



© The invention provides a DNA coding for a precursor to an Eimeria merozoite surface antigen, which surface 
antigen has an apparent molecular weight of about 23 kilodaltons by SDS PAGE. Based on this DNA proteins 
having one or more immuno reactive and/or antigenic determinants of the said surface antigen may be prepared 
as well as recombinant vectors and recombinant viruses containing the said DNA or framents thereof and 
transformed microorganisms containing such vectors and viruses. Thus, the present invention relates also to 
methods for producing the said proteins and the transformed microorganisms. The present case also relates to 
the purified 23 kDa merozoite surface antigen itself and the 30 kDa precursor form thereof per se and to 
methods for protecting poultry against coccidiosis using the Eimeria surface antigen, the precursor protein 
and/or fragments thereof. The proteins and fragments of the invention can be administered for such protection 
either as purified proteins or in the form of DNA encoding the protein in a suitable viral vector such as vaccinia 
virus. 
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COCCIDIOSIS VACCINES 



This application relates to antigens of Eimeria protozoan parasites. These antigens can be used, 
through various routes of administration, to protect poultry against coccidiosis. 

Coccidiosis is a disease of poultry caused by intracellular protozoan parasites of the genus Eimeria. 
The disease is endemic in large, intensive poultry breeding establishments. The estimated cost of control of 

5 the disease through chemotherapy exceeds $100 million each year in the United States of America alone. 
The development of resistance to the known anti-coccidial drugs necessitates a continuing development of 
new agents, at a time when drug development is becoming increasingly expensive and consumer 
acceptance of drug residues in food animals is diminishing. 

Protective Immunity to natural coccidiosis infection has been well documented. Controlled, daily 

io administration of small numbers of viable oocysts for several weeks has been shown to result in complete 
immunity to a challenge infection of a normally virulent dose [Rose et al., Parasitology 73:25 (1976); Rose 
et al., Parasitology 88:199 (1984)]. The demonstration of acquired resistance to infection suggests the 
possibility of constructing a vaccine to induce immunity in young chickens, circumventing the need for 
chemical coccidiostats. In fact, such a concept has been tested in the Coccivac ® formulation of Sterwin 

15 Laboratories, Opelika, AL. 

With a view to producing a coccidiosis vaccine, Murray et a!., European Patent Application. Publication 
No. 167,443, prepared extracts from sporozoites or sporulated oocysts of Eimeria teneila which contain at 
least 15 polypeptides, many of which were associated with the surface of the sporozoite. Injection of these 
extracts into chickens reduced cecal lesions following oral inoculation with virulent E. teneila sporulated 

20 oocysts. 

More recently, Schenkel et al., U.S. Patent No. 4,650.676, disclosed the production of monoclonal 
antibodies against E. teneila merozoites. Using these antibodies, Schenkel et al. identified a number of 
antigens against which the antibodies were directed. By pre-incu bating E. teneila sporozoites with these 
antibodies and then introducing the treated sporozoites into the ceca of chickens, Schenkel et al. were able 
25 to show some reduction In cecal lesion scores, compared to untreated sporozoite controls. 

Using recombinant DNA methodology, Newman et al. (European Patent Application. Publication No. 164 
176) have cloned a gene from the sporozoite stage coding for a 25,000 dalton antigen from Bmeria teneila. 
Sera from chickens immunized by repeated immunization with killed E. teneila sporozoites im- 
munoprecipitated this antigen from iodinated sporocyst and sporozoite membrane preparations. More 
30 recently, Jenkins [Nucleic Acids Res. 16:9863 (1988)] has described a cDNA encoding a part of a 250,000 
dalton merozoite surface protein from Eimeria acervulina. The expression product of this cDNA was 
recognized by antiserum against the organism. 

Advances in recombinant DNA technology have made another approach available, i.e. a subunit 
vaccine. Examples of such subunit vaccines are described e.g. in European Patent Application, Publication 
35 Nos. 324 648, 337 589 and 344 808. 

The present invention provides purified proteins having one or more immunoreactive and/or antigenic 
determinants of an Eimeria merozoite surface antigen, which surface antigen has an apparent molecular 
weight of about 23 kilodaltons by sodium dodecylsuifate polyacrylamide gel electrophoresis (SDS PAGE) 
and is derived from a precursor protein having an apparent molecular weight of about 30 kilodaltons by 
40 SDS PAGE and which protein is substantially free of other Eimeria proteins. 

More particularly, this invention provides an isolated protein which is the Eimeria merozoite surface 
antigen having an apparent molecular weight of about 23 kilodaltons determined by SDS PAGE and 
fragments of the said protein. These proteins and fragments are substantially free of other Eimeria proteins. 
This invention further provides a protein which is the precursor protein to the Eimeria merozoite surface 
45 antigen mentioned above, or a fragment thereof, which precursor protein has an apparent molecular weight 
of about 30 kilodaltons determined by SDS PAGE and has the amino acid sequence shown in Figure 1 . The 
said precursor protein is substantially free of other Eimeria proteins. 

The preferred protein of the present invention is the mature Eimeria merozoite surface antigen protein 
having the amino acid sequence shown in Figure 1 but lacking the signal peptide sequence at the N- 
50 terminus, which signal peptide sequence comprises essentially the first twenty amino acids in the sequence 
shown in Figure 1. The present invention also relates to a functional equivalent protein thereof having an 
amino acid sequence which is related to the said amino acid sequence by deletions, insertions or 
substitutions without essentially changing the immunological properties of the said protein. 

This invention still further provides a DNA encoding ail or part of the Eimeria merozoite surface antigen 
having an apparent molecular weight of about 23 kilodaltons or its above-mentioned precursor protein, 
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recombinant vectors containing and capable of directing the expression of the said DNA in compatible host 
organisms, and microorganisms containing such vectors. 

This invention still further provides a method for producing a protein having one or more immunoreac- 
tive and/or antigenic determinants of an Eimeria merozoite surface antigen which surface antigen has an 
5 apparent molecular weight of about 23 kilodaltons, which method comprises: 

(a) culturing a microorganism containing a recombinant vector comprising a DNA having a nucleotide 
sequence encoding the said protein such as the DNA having the nucleotide sequence depicted in Figure 
1 or a fragment thereof, under conditions in which the DNA sequence or fragment is expressed; and 

(b) isolating the protein from the culture. 

10 This invention still further provides vaccines for protecting poultry against coccidiosis comprising an 
effective amount of one or more of the proteins of the invention and a physiologically acceptable carrier. 

This invention still further provides vaccines for protecting poultry against coccidiosis comprising a 
recombinant virus containing a DNA sequence encoding a protein of the present invention, which recom- 
binant virus is capable of causing the expression of the said DNA sequence, and a physiologically 

15 acceptable carrier. 

This invention still further provides a method for protecting poultry against coccidiosis, which method 
comprises administering an effective amount of a vaccine of the invention to a "young fowl which is 
susceptible to coccidiosis. 

The Eimeria proteins of this invention are important vaccine antigens because they were identified by 
20 the use of antibodies in the sera of animals that had been immunized against the coccidiosis organism and 
had developed immunity thereto. Because of this, it is most likely that these proteins play a significant role 
in the protection of poultry against coccidiosis. 

The invention can be more readily understood by reference to the figures, in which: 
Fig. 1 shows the nucleotide sequence of the 1.2 kb cDNA molecule encoding the Eimeria precursor 
25 protein recognized by antibody-select antibodies from rabbit and by chicken immune sera. As can be 
seen from Fig. 1 , the nucleotide sequence encoding the said precursor protein is contained between the 
ATG at nucleotide 68 and the stop codon TAA at nucleotide 668 (coding for 200 amino acids). Fig. 1 also 
shows the amino acid sequence of the Eimeria precursor protein predicted from the nucleotide sequence 
provided. Standard single-letter abbreviations are used to represent nucleotides and amino acids. The 
30 meanings of these abbreviations can be found in standard biochemistry textbooks, such as Lehninger, 
Principles of Biochemistry, 1 984, Worth Publishers, inc., New York, pp. 96, 798. 

Fig. 2 shows the results of an SDS PAGE analysis of various Eimeria merozoite proteins. Panel A is an 
immunoblot of total merozoite proteins probed with control (a) or antibody-select (b) antibodies. The 
arrow in Panel A indicates the position of a band containing a protein having molecular weight of about 

35 23 kilodaltons. Panel B is an autoradiogram of 125 l-surface-labeled merozoite proteins immunoprecipitat- 
ed with control (a) or antibody-select (b) antibodies. Panel C shows the complete mixture of products 
produced by the in vitro translation of merozoite mRNA (a) and translation products which had been 
immunoprecipitated with antibodies selected using the lambda 5-7 clone (b), antibodies selected using 
another phage clone which produced proteins reactive with anti-merozoite serum (c) and control 

40 antibodies selected from merozoite serum using non-recombinant phage (d). The bands were visualized 
by fluorography. The positions of molecular weight markers having the indicated molecular weight in kilo 
Daltons (kDa) are shown to the right of the figure. 

Fig. 3 shows the results of Southern Blot analysis of Eimeria tenella sporulated oocyst genomic DNA 
which has been digested with Pvull (lane 1), Hindi (lane 2), Pstf (lane 3), Sphl (lane 4) or Sac! (lane 5). 
45 The positions of standard DNAs having the indicated sizes in kb are shown to the right of the figure. 

Fig. 4 shows a schematic drawing of the plasmid pDS56/RBSII. In this diagram and in Figs. 6, 8 and 10, 
the abbreviations and symbols B, Bg, E, H, N, P, S, X and Xb indicate cleavage sites for restriction 
enzymes BamHI, Bglll, EcoRI, Hindlll, Ncol, PsU, Sail, Xhol and Xbal, respectively. 

50 I k^ ^s! 

represents the regulatable promoter/operator element N250PSN250P29; 
represents ribosomal binding sites RBSII, RBSII(-1) and RBSII(-2); 
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represents coding regions under control of these ribosomal binding sites; 



represents a region encoding six histidine residues; 



70 



1 1)11 11 111 111] 



75 represents terminators t 0 and T1 ; 



20 represents the region required for DNA replication in E, coli (rep!.); 



30 



35 



40 



45 



50 



55 



represents coding regions for dihydrofolate reductase (dhfr), chloramphenicol acetyltransferase (cat), 0- 
lactamase (bla), lac repressor (lacl) and neomycin phosphotransferase (neo). 

Fig. 5 displays the complete nucleotide sequence of the plasmid pDS56/RBSN. In this sequence, the 
recognition sequences of the restriction enzymes depicted in Fig. 4 are indicated. The amino acid 
sequence shown represents the open reading frame under control of ribosomal binding site RBSII. 
Fig. 6 is a schematic drawing of the plasmid pDS56/RBSII(-1). 

Fig. 7 displays the complete nucleotide sequence of plasmid pDS56/RBSll(-1). In this sequence, the 
recognition sequences of the restriction enzymes depicted in Fig. 6 are indicated. The amino acid 
sequence shown represents the open reading frame under control of ribosomal binding site RBSII(-1). 
Fig. 8 is a schematic drawing of the plasmid pDS56/RBSIl(-2). 

Fig. 9 displays the complete nucleotide sequence of plasmid pDS56/RBSII(-2). In this sequence, the 
recognition sequences of the restriction enzymes depicted in Fig. 8 are indicated. The amino acid 
sequence shown represents the open reading frame under control of ribosomal binding site RBSII(-2). 
Fig. 10 is a schematic drawing of the plasmid pDML1 . 

Fig. 11 displays the complete nucleotide sequence of plasmid pDMI.1. In this sequence, the recognition 
sequences of the restriction enzymes depicted in Fig. 10 are indicated. The amino acids shown enclose 
the open reading frames encoding the neomycin phosphotransferase (Met to Phe) and the lac repressor 
(Met to Gin; please note the reverse orientation of this gene). 

All references cited herein are hereby incorporated in their entirety by reference. 

As used herein, the following terms shall have the following meanings: 

"Eimeria surface antigen" means a protein having an apparent molecular weight of about 23 kilodaltons 
in SDS PAGE which is present in the merozoite stage of Eimeria tenella. This protein appears to be 
produced by post-translational processing of the in vivo expression product of a gene having the nucleotide 
sequence shown in Fig. 1 . 

"Precursor protein" means a protein having an apparent molecular weight of about 30 kilodaltons in 
SDS PAGE. This protein is believed to be processed by proteolysis in vivo to the Eimeria surface antigen. 
The nucleotide sequence of a cDNA molecule encoding this protein and the amino acid sequence predicted 
therefrom are shown in Fig. 1. 

The term "a protein having one or more immunoreactive and/or antigenic determinants of the Eimeria 
surface antigen" means a protein having one or more regions or epitopes which are capable of eliciting an 
immune response in an immunologically competent host organism and/or are capable of specifically binding 
to a complementary antibody, and which correspond to the epitopes of the Eimeria surface antigen defined 
above. The said protein may be encoded by functional equivalents of the nucleotide sequence of Fig. 1. 
These functional equivalent proteins have amino acid sequences related to the sequence of Fig. 1 by amino 
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acid substitutions which do not substantially alter immunological activity (i.e.. which do not substantially 
destroy immunoreactive and/or antigenic determinants). 

Because of the degeneracy of the genetic code, it will be understood that there are many potential 
nucleotide sequences (functional equivalents) that could code for the amino acid sequence shown in Fig. 1. 

5 It should also be understood that the nucleotide sequences of the DNA sequences and fragments of the 
invention inserted into vectors may include nucleotides which are not part of the actual structural. genes, as 
long as the recombinant vectors containing such sequence or fragments are capable of directing the 
production in an appropriate host organism of a protein or fragment having one or more immunoreactive 
and/or antigenic determinants of the Eimeria surface antigen. 

70 Amino acid substitutions in proteins which do not substantially alter biological and immunological 
activities have been known to occur and have been described, e.g., by Neurath et a!., in "The Proteins", 
Academic Press, New York (1979), in particular in Fig. 6 at page 14. The most frequently observed amino 
acid substitutions are Ala/Ser, Vai/ile, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, 
Ala/Pro, Lys/Arg, Asp/Asn, Leu/lle, LeuA/al, Ala/Glu, Asp/Gly, and vice versa. 

15 Such functionally equivalent nucleotide sequence variations and amino acid substitutions of the 
exemplary embodiments of this invention are within the scope of the invention as long as the resulting 
proteins retain one or more immunoreactive and/or antigenic determinants of the Eimeria surface antigen as 
herein defined. 

Other DNA sequences encoding the amino acid sequence of Fig. 1 or amino acid sequences related by 
20 substitutions can readily be prepared using appropriate synthetic oligonucleotides in primer-directed site- 
specific mutagenesis on the exemplary cDNA of this invention (Fig. 1), as described by Morinaga et al. 
[Biotechnology 2:636 (1984)]. 

The term "fragment" means an oligonucleotide or polypeptide comprising a sub-sequence of one of the 
cDNAs or proteins of the invention. Such fragments can be produced by enzymatic cleavage of the larger 
25 molecules, using restriction endonucleases for the DNA and proteases for the proteins. The fragments of 
the invention, however, are not limited to the products of any form of enzymatic cleavage but include sub- 
sequences, the termini of which do not correspond to any enzymatic cleavage points. Such fragments can 
be made, e.g., by chemical synthesis, using the sequence data provided herein. DNA fragments can also 
be produced by incomplete complementary DNA (cDNA) synthesis from isolated messenger RNA (mRNA). 
30 Protein fragments can also be produced by expressing DNA fragments encoding the protein fragments. 
Such protein fragments can be useful in the present invention if they contain a sufficient number of amino 
acid residues to constitute an immunoreactive and/or antigenic determinant. Generally, at least about 7 or 8 
residues are needed. As explained below, it may be necessary to couple such fragments to an im- 
munogenic carrier molecule, to make them immunoreactive. 
35 The proteins of this invention can be made by methods known in the art such as by recombinant DNA 
methodology, chemical synthesis or by isolation from Eimeria preparations. 

DNA needed to make the proteins of this invention could be chemically synthesized, using the 
nucleotide sequence information provided in Fig. 1. Such chemical synthesis can be carried out using any 
of the known methods such as the phosphoramidite solid support method of Matteucci et al. [J. Am. Chem. 
40 Soc. 103:31 85 (1 981 )]. 

Alternatively, cDNA can be made from Eimeria mRNA. Messenger RNA can be isolated from Eimeria 
merozoites using standard techniques. These mRNA samples can be used to produce double-stranded 
cDNA as described by Maniatis et al. [Molecular Cloning: A Laboratory Manual, 1982, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY]. This cDNA can then be inserted into an appropriate cloning vector 
45 which can be used to transform E. coli, to produce a cDNA library. 

The cDNA library can then be screened using the cloned gene of this invention, or fragments thereof, 
as probes. Such gene or fragments can be radiolabeled, e.g., by nick-translation using Pol I DNA 
polymerase in the presence of the four deoxyribonucleotides, one of which contains 32 P in the a position 
(Maniatis et al., supra, p. 109), for use as probes. The probes may also be prepared by oligonucleotide 
so synthesis based on the known sequence of the cDNA of the Eimeria surface antigen. 

Although Eimeria tenella was used as an mRNA source in the Examples below, the cloned genes from 
this species can be used as probes to isolate genes from other species of Eimeria, due to DNA sequence 
homology among the various species. 

Once identified and isolated, the Eimeria DNA sequences of this invention are inserted into an 
55 appropriate expression vehicle which contains the elements necessary for transcription and translation of 
the inserted gene sequences. Useful cloning vehicles may consist of segments of chromosomal, nonch- 
romosomal and synthetic DNA sequences such as various known bacterial plasmids, phage DNA, combina- 
tions of plasmids and phage DNA such as plasmids which have been modified to employ phage DNA or 
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other expression control sequences, or yeast plasm ids. Specific cloning vehicles which could be used 
include but are not limited to the pEV-vrf plasmids (pEV-vrf 1 , -2 and -3 which are described in Crowl et ah, 
Gene 38:31 (1985)); SV40; adenovirus; yeast; lambda gt-WES-lambda B; Charon 4A and 28; lambda-gt-l- 
lambda B; M13-derived vectors such as pUC8, 9, 18 and 19, pBR313, 322 and 325; pAClOS; pVA51; 
5 pACY1 77; pKH47; pACYC184; pUB110; pMB9; colE1; pSClOl; pML21; RSF2124; pCR1 or RP4; fowlpox; 
vaccinia; a member of the herpesvirus family. 

The insertion of the Eimeria genes into a cloning vector is easily accomplished when both the genes 
and the desired cloning vehicle have been cut with the same restriction enzyme or enzymes, since 
complementary DNA termini are thereby produced. If this cannot be accomplished, it may be necessary to 

70 modify the cut ends that are produced by digesting back single-stranded DNA to produce blunt ends, or by 
achieving the same result by filling in the single-stranded termini with an appropriate DNA polymerase. In 
this way, blunt-end ligation with an enzyme such as T4 DNA ligase may be carried out Alternatively, any 
site desired may be produced by ligating nucleotide sequences (linkers) onto the DNA termini. Such linkers 
may comprise specific oligonucleotide sequences that encode restriction site recognition sequences. The 

is cleaved vector and the Eimeria genes or fragments may also be modified by homopolymeric tailing, as 
described by Morrow [Methods in Enzymology 68:3 (1979)]. 

Many of the cloning vehicles that may be used in this invention contain one or more marker activities 
that may be used to select for desired transformants, such as arhpicillin and tetracycline resistance in 
pBR322, ampicillin resistance and £-galactosidase activity in pUC8, and ampicillin resistance in the pEV-vrf 

20 plasmids. Selection of host cells into which such vectors have been inserted is greatly simplified when the 
host cells otherwise lack the activities contributed by the vectors. 

It should be understood that the nucleotide sequences of the Eimeria genes inserted at a selected site 
in a cloning vehicle may include nucleotides which are not part of the actual structural genes. Alternatively, 
the genes may contain only part of the complete wild-type gene. AH that is required is that the gene 

25 fragments after insertion into a cloning vehicle are capable of directing the production in an appropriate host 
organism of a polypeptide or protein having at least one immunoreactive and/or antigenic determinant of the 
Eimeria surface antigen. Thus, the recombinant vectors comprising a DNA having a nucleotide sequence 
encoding a protein of the present invention may be prepared by: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into a vector; 

30 (b) replicating the said vector in a microorganism; and 

(c) isolating the recombinant vector from the microorganism. 

The selection of an appropriate host organism is affected by a number of factors known in the art. 
These factors include, for example, compatibility with the chosen vector, toxicity of proteins encoded by the 
hybrid plasm id, ease of recovery of the desired protein, expression characteristics, biosafety and costs. A 

35 balance of these factors must be considered, and it must be understood that not all hosts will be equally 
effective for expression of a particular recombinant DNA molecule. 

Suitable host microorganisms which can be used in this invention include but are not limited to plant, 
mammalian or yeast cells and bacteria such as Escherichia coli, Bacillus subtilis, Bacillus stearother- 
mophilus and Actinomyces. Escherichia coll strain MC1 061 , which has been described by Casadaban et al. 

40 [J. Mol. Biol. 138:179 (1980)], can be used, or any other strain of E. coli K-12 containing the plasmid 
pRK248c!ts. Plasmid pRK248clts for use in other E. coli K-12 strains is described by Bemhard et al. [Meth. 
of Enzymol. 68:482 (1979)] and is also available from the American Type Culture Collection under 
accession No. ATCC 33766. The E. coli strain MC1061 is commercially available e.g. from CLONTECH 
Laboratories, Inc., Palo Alto, CA and is also available from the American Type Culture Collection under 

45 accession No. ATCC 53338. Plasmids pDM1.1, pDS56/RBSII, -1 or -2 for use in E. coli strain M15 are 
described infra. 

Transfer of the recombinant cloning vector into the host cell may be carried out in a variety of ways. 
Depending upon the particular vector/host cell system chosen, such transfer may be effected by trans- 
formation, transduction or transfection. Once such a modified host cell is produced, the cell can be cultured 
so and the protein expression product may be isolated from the culture. 

Transformant clones producing the precursor protein of the Eimeria surface antigen are identified by 
screening with serum from animals immunized against glutaraldehyde-fixed sporozoites or merozoites of E. 
tenella. In the examples below, rabbit anti-merozoite serum was used for screening and characterizing the 
gene product. Parallel immunlogic screening with immune chicken serum resulted in the independent 
55 isolation of the cDNA encoding the merozoite surface antigen. 

The specificity of the antisera used for immunological screening or immunoprecipitation can be 
increased by using a variation of the antibody select method of Hall et al. [Nature 311:379 (1984)]. In this 
method, which is described more fully below, antibodies that are specific for Eimeria~proteins made by the 



6 



EP 0 439 056 A2 



clones are adsorbed out on filters. 

The detection of Eimeria antigen producing clones can be achieved by the use of well known standard 
assay methods, including immunoprecipitation. enzyme-linked immunoassay and radioimmunoassay tech- 
niques which have been described in the literature [see, e.g., Kennet et al. (editors), Monoclonal Antibodies 

5 and Hybridomas: A New Dimension in Biological Analyses, 1980, Plenum Press, New York, pp. 376-384], 

Large amounts of the recombinant Eimeria protein may be produced by growing the transformed 
microorganisms obtained in this way in a fermentation broth comprising the necessary nutrients under 
conditions suitable for expression of the recombinant DNA. As produced in E. coli, the recombinant Eimeria 
proteins are in the cytoplasm or in inclusion bodies. To free the proteins it is thus necessary to disrupt the 

10 outer membrane of the bacteria. This is accomplished by sonication, or by other mechanically disruptive 
means, such as by using a French pressure cell or Gaulin homogenizer [Charm et al., Meth. Enzymol. 22, 
476-556 (1971)]. 

Cell disruption can also be accomplished by chemical or enzymatic means. Since divalent cations are 
often required for cell membrane integrity, treatment with appropriate chelating agents such as EDTA or 
75 EGTA might prove sufficiently disruptive to facilitate the leakage of the proteins from the cells. Similarly, 
enzymes such as lysozyme have been used to achieve the same result. That enzyme hydrolyzes the 
peptidoglycan backbone of the cell wall. 

The application of osmotic shock can also be employed. Briefly, this can be accomplished by first 
placing the cells in a hypertonic solution which would cause them to lose water and shrink. Subsequent 
20 placement in a hypotonic "shock" solution would then lead to a rapid influx of water into the cells with an 
expulsion of the desired proteins. 

Once freed from the cells, the Eimeria proteins may be concentrated by precipitation with salts such as 
sodium or ammonium sulfate, ultrafiltration or other methods well known to those skilled in the art. Further 
purification could be accomplished by conventional protein purification techniques including but not limited 
25 to gel filtration, ion-exchange chromatography, preparative disc-gel or curtain electrophoresis, isoelectric 
focusing, low temperature organic solvent fractionation, or countercurrent distribution. Purification can also 
be carried out by immunoaffinlty chromatography. 

Specific methods for purifying Eimeria proteins from the organisms are known in the art. See, e.g., 
Newman et al., European Patent Application, Publication No.. 164 176. 
30 The proteins of this invention or fragments thereof can also be chemically synthesized by a suitable 
method such as by exclusive solid phase synthesis, partial solid phase methods, fragment condensation or 
classical solution synthesis. Solid phase synthesis as described by Merrifield [J. Am. Chem. Soc. 85:2149 
(1963)] is preferred. 

Such synthesis is carried out with amino acids that are protected at the aipha-amino-terminus. 
35 Trifunctional amino acids with labile side-chains are also protected with suitable groups which will prevent a 
chemical reaction from occurring at that site during the assemblage of the peptide. The alpha-amino 
protecting group is selectively removed to allow subsequent reaction to take place at the amino-terminus. 
The conditions for the removal of the alpha-amino protecting group do not cause deprotection of the side- 
chain protecting groups. 

40 The alpha-amino protecting groups are those known to be useful in the art of stepwise synthesis of 
peptides. Included are acyl type protecting groups (e.g., formyl, trifluoroacetyl, acetyl), aromatic urethane 
type protecting groups (e.g., benzyloxycarbonyl (Cbz) and substituted benzyloxycarbonyl), aliphatic 
urethane protecting groups (e.g., t-butyloxycarbonyl (Boc), isopropyloxycarbonyl, cyclohexyloxycarbonyl) 
and alkyl type protecting groups (e.g., benzyl, triphenylmethyl). The preferred protecting group is Boc. The 

45 side-chain protecting groups for Tyr include tetrahydropyranyl, tert.-butyl, triyl, benzyl, Cbz, 4-Br-Cbz and 
2,6-dichlorobenzyl. The preferred side-chain protecting group for Tyr is 2,6-dichlorobenzyl. The side-chain 
protecting groups for Asp include benzyl, 2,6-dichlorobenzyl, methyl, ethyl and cyclohexyl. The preferred 
side-chain protecting group for Asp is cyclohexyl. The side-chain protecting groups for Thr and Ser include 
acetyl, benzoyl, trrtyl. tetrahydropyranyl, benzyl, 2,6-dichlorobenzyl and Cbz. The preferred protecting group 

50 for Thr and Ser is benzyl. The side-chain protecting groups for Arg include nitro, Tos, Cbz, adamantylox- 
ycarbonyl or Boc. The preferred protecting group for Arg is Tos. The side-chain amino group of Lys may be 
protected with Cbz, 2-CICbz, Tos or Boc. The 2-CI-Cbz group is the preferred protecting group for Lys. The 
selection of the side-chain protecting group is based on the following: The side-chain protecting group 
remains intact during coupling and is not split off during the deprotection of the amino-terminus protecting 

56 group or during coupling conditions. The side-chain protecting group must be removable upon the 
completion of the synthesis of the final peptide, using reaction conditions that will not alter the target 
peptide. 

Solid phase synthesis is usually carried out from the carboxy-terminus by coupling the alpha-amino 
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protected (side-chain protected) amino acid to a suitable solid support. An ester linkage is formed when the 
attachment is made to a chloromethylated or hydroxymethyl resin and the resultant target peptide will have 
a free carboxyl group at the C-terminus. Alternatively, a benzhydrylamine or p-methylbenzhydrylamine resin 
is used in which case an amide bond is formed and the resultant target peptide will have a carboxamide 

5 group at the C-terminus. These resins are commercially available and their preparation is described by 
Stewart et ai., "Solid Phase Peptide Synthesis" (2nd Edition, Pierce Chemical Co., Rockford, IL, 1984). 

The C-terminal amino acid, Arg, protected at the side-chain with Tos and at the alpha-amino function 
with Boc is coupled to the benzhydrylamine resin using various activating agents including dicyclohexylcar- 
bodiimide (DCC), N.N'-diisopropylcarbodiimide and carbonyldiimidazole. Following the attachment to the 

70 resin support the alpha-amino protecting group is removed by using trifluoroacetic acid (TFA) or HCI in 
dioxane at a temperature between 0* and 25* C. Dimethylsulfide is added to the TFA after the introduction 
of methionine (Met) to suppress possible S-alkylation. After removal of the alpha-amino protecting group, 
the remaining protected amino acids are coupled stepwise in the required order to obtain the desired 
peptide sequence. 

is Various activating agents can be used for the coupling reactions including DDC. N.N'-diisopropylcar- 
bodiimide, benzotriazol-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate (BOP) and DCC- 
hydroxybenzotriazole (HOBt). Each protected amino acid is used in excess (>2.5 equivalents), and the 
couplings are usually carried out in DMF, CH2CI2 or mixtures thereof. The extent of completion of the 
coupling reaction is monitored at each stage by the ninhydrin reaction as described by Kaiser et al. [Anal. 

20 Biochem. 34:595 (1970)]. In cases where incomplete coupling is determined the coupling reaction is 
repeated. The coupling reactions can be performed automatically on a Vega 250, Applied Biosystems 
synthesizer or other commercially available Instrument. After the entire assemblage of the target peptide, 
the peptide-resin is deprotected with TFA/dithioethane and then cleaved with a reagent such as liquid HF for 
1-2 hours at 0°C which cleaves the peptide from the resin and removes all side-chain protecting groups. 

25 Side-chain to side-chain cyclization on the solid support requires the use of an orthogonal protection 
scheme which enables selective cleavage of the side-chain functions of the acidic amino acids (e.g., Asp) 
and the basic amino acids (e.g., Lys). The 9-fluorenyl methyl (OFm) protecting group for the side-chain of 
Asp and the 9-fluorenylmethoxycarbonyl (Fmoc) protecting group for the side-chain of Lys can be used for 
this purpose. In these cases the side-chain protecting groups of the Boc-protected peptide-resin are 

30 selectively removed with piperidine In DMF. Cyclization is achieved on the solid support using various 
activating agents including DCC, DCC/HOBt or BOP. The HF reaction is carried out on the cyclized peptide- 
resin as described above. 

Purification of the synthetic proteins can be carried out as described above for the recombinants 
produced proteins. 

35 Eimeria proteins can also be recovered from the organisms, from extracts of membrane proteins. Such 
methods can produce the complete, wild-type proteins. Monoclonal antibodies for this purpose can be 
produced as described by Kohler and Milstein [Nature 256:495 (1975)], using synthetic or natural Eimeria 
proteins as the antigen. These methods can be used to purify the 23 kd Eimeria surface antigen of this 
invention. 

40 One or more of the Eimeria proteins of this invention can be formulated into vaccines comprising the 

proteins and a physiologically acceptable carrier. Suitable carriers include, e.g., 0.01 to 0.1 M phosphate 

buffer of neutral pH or physiological saline solution. 

Enhanced immunity against coccidiosis can be produced in one of two ways. First, an adjuvant or 

immunopotentiator can be added to the vaccine. Secondly, the proteins of the invention can be presented to 
45 an animal that is to be immunized in a larger form, either as a cross-linked complex or conjugated to a 

carrier molecule. 

Suitable adjuvants for the vaccination of animals include but are not limited to Adjuvant 65 (containing 
peanut oil, mannide monooieate and aluminum monostearate); mineral gels such as aluminum hydroxide, 
aluminum phosphate and alum; surfactants such as hexadecylamine. octadecylamlne, lysolecithin, dimethyl- 
60 dloctadecylammonium bromide, N,N-dioctadecyl-N , ,N , -bis(2-hydroxymethyl) propanediamine. methoxyhex- 
adecylglycerol and pluronic polyols; polyanions such as pyran, dextran sulfate, poly IC, polyacrylic acid and 
carbopol; peptides such as muramyl dipeptide, dimethylglycine and tuftsin; and oil emulsions. The proteins 
could also be administered following incorporation into liposomes or other microcarriers. 

Incorporation into liposomes or other microcarriers provides a means by which the release of the 
55 vaccines can be sustained over a prolonged period of time. A pump such as an Alza osmotic pump could 
be used for the same purpose. 

The immunogenicity of the proteins of the invention, especially the smaller fragments, can be enhanced 
by cross-linking or by coupling to an immunogenic carrier molecule (i.e., a macromolecule having the 
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property of independently eliciting an immunological response In a host animal, to which the proteins and 
protein fragments of the invention can be covalently linked). Cross-linking or conjugation to a carrier 
molecule may be required because small protein fragments sometimes act as haptens (molecules which are 
capable of specifically binding to an antibody but incapable of eliciting antibody production, i.e., they are 

5 not immunogenic). Conjugation of such fragments to an immunogenic carrier molecule renders the 
fragments immunogenic through what is commonly known as the "carrier effect". 

Suitable carrier molecules include, e.g., proteins and natural or synthetic polymeric compounds such as 
polypeptides, polysaccharides, lipopolysaccharides etc. A useful carrier is a glycoside called Quil A, which 
has been described by Morein et al. [Nature 308:457 (1984)]. Protein carrier molecules are especially 

70 preferred, including but not limited to mammalian serum proteins such as keyhole limpet hemocyanin, 
human or bovine gammaglobulin, human, bovine or rabbit serum albumin, or methylated or other derivatives 
of such proteins. Other protein carriers will be apparent to those skilled in the art. Preferably,, but not 
necessarily, the protein carrier will be foreign to the host animal in which antibodies against the'Eimeria 
proteins are to be elicited. 

15 Covalent coupling to the carrier molecule can be carried out using methods well-known in the art, the 
exact choice of which will be dictated by the nature of the carrier molecule used. When the immunogenic 
carrier molecule is a protein, the proteins or fragments of the invention can be coupled, e.g., using water 
soluble carbodiimides such as dicyclohexylcarbodiimide, or glutaraldehyde. Coupling agents such as these 
can also be used to 

20 cross-link the proteins and fragments to themselves without the use of a separate carrier molecule. 
Such cross-linking into protein or protein fragment aggregates can also increase immunogenicity. 

Administration of an effective amount of the vaccines of this invention can protect poultry against 
infection by E. tenella. Monoclonal antibodies against the E. teneila antigens cross-react with E. acervulina 
and E. maxima in vitro, indicating that protection may also be conferred against these species. An effective 

25 dose of the proteins or protein fragments ranges from about 5 to about 50 micrograms/kg of body weight of 
the vaccinated animal. A dose of about 25-50 ng/kg is preferred. Initial vaccinations are preferably followed 
by booster vaccinations given from one to several weeks later. Multiple boosters may be administered. The 
dosages of such boosters generally range from about 5 to 50 /*g/kg, preferably about 20-50 ^g/kg. Standard 
routes of administration can be used such as subcutaneous, intradermal, intramuscular, oral, anal or in ovo 

30 administration. 

The presentation of the coccidial antigens of the invention to the immune systems of fowl can also be 
achieved by cloning genes coding for the antigens into bacteria (e.g., E. coli or Salmonella) or into viruses 
(e.g., poxviruses or herpesviruses) and administering the live vector system or, when appropriate, its 
inactivated form to the birds orally, by injection or by other commonly used routes. Carbit et al. [in: 
as Vaccines, 1987, Cold Spring Harbor Laboratory, pp. 68-71] have described the use of E. Coli, while 
Clements [Pathol. Immunopathol. Res. 6:137 (1987)] has described the use of Salmonella. Moss et al. [Ann. 
Rev. Immunol. 5:305 (1987)] have reviewed the use of viral vector systems employing recombinant 
poxviruses. 

One kind of poxvirus, vaccinia virus, can be used to test the delivery of coccidial antigens in cell culture 
40 and in animals. For analytical studies, vaccinia virus has been found to be more efficient than fowlpox virus, 
another poxvirus carrier that can be used. This is because vaccinia virus multiplies more rapidly than the 
avian virus and has a host range that is not restricted to chicken cells. Large amounts of heterologous DNA 
can be inserted into the vaccinia viral genome without inhibiting viral maturation and infectivity [Smith et al., 
Gene 25:21 (1983)]. The insertion and expression of multiple heterologous genes using the virus elicits 
45 antibody production against expressed antigens in infected animals [Perkus et al., Science 229:981 (1985)]. 

The techniques used to produce recombinant vaccinia viruses can be readily adapted by routine 
procedures to fowlpox or herpesvirus systems. A recombinant virus comprising a DNA having a nucleotide 
sequence encoding a protein of the present invention may be prepared by: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into the genome of a virus 
50 without inhibiting viral maturation and infectivity: 

(b) amplifying the said recombinant virus in a cell culture: and 

(c) purifying the recombinant virus from the culture medium. 

The use of recombinant viruses as carriers in vaccines against coccidiosis is especially advantageous in 
that vaccinated fowl develop immunity against both the coccidial antigen and the viral carrier (i.e., such 
55 vaccines are bivalent). The utility of such vaccines can be further enhanced by inserting additional genes 
into the carrier virus. For example, parts of the Newcastle disease viral genome can be inserted together 
with a coccidial antigen gene into a fowlpox virus, thereby conferring immunity against Newcastle disease, 
coccidiosis and fowlpox, all with a single vaccine. 
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The administration of the live vector vaccines of the invention can be carried out by numerous methods 
well known in the art. For example, the "stick" method commonly used to vaccinate poultry against fowlpox 
virus can be used. This method consists of sticking or pricking the skin of the wing web with a sharp needle 
dipped into the vaccine. The needle usually has an eye near the tip like a sewing machine needie which 
s carries a drop of vaccine. Alternatively, the live vaccines can be injected subcutaneous ly or intradermal^ 
into the wing web or any other site. 

The recombinant live vector vaccines can also be added to drinking water or even sprayed over chicks 
that are to be vaccinated. They can also be administered in feed, preferably after protective encapsulation 
[Balancou et al., Nature 322:373 (1986)], or in ovo. In the latter method, the viral vaccines are injected 
to directly into chicken embryos [Sharma, Avian Dis. 25:1155 (1985)]. 

EXAMPLE 

All references cited herein are hereby incorporated by reference in their entirety. 
is Unless otherwise specified, percentages given below for solids in solid mixtures, liquids in liquids, and 
solids in liquids are on a wt/wt, vol/vol and wt/vol basis, respectively. 

Purification of Merozoites 

20 Merozoites of E. tenella were harvested from the ceca of 50 infected chickens (3 week old Hubbard 
Cross; Avian Services, Frenchtown, NJ) 5 days after infection with 50,000 of the above sporulated 
oocysts/bird. Similar chickens from other sources may be used. The ceca were removed and washed with 
phosphate buffered saline (PBS) for 15 minutes on a magnetic stirrer. The epithelial debris was partially 
removed by low speed centrifugation (50 x g), and the crude merozoites were recovered by centrifugation 

25 at 2,000 x g at 4° C for 10 minutes. The pellet was resuspended in Lysing Buffer (8.29 g/l NHtCI, 0.372 g/i 
Na 2 EDTA, 1.0 g/l KHCO3, pH 7.6) and incubated on ice for 3Q minutes. The merozoites were collected by 
centrifugation, washed once in PBS and passed over a column containing 1 .0 g of spun nylon fiber (Scrub 
Nylon Fiber, Fenwall Laboratories, Deerfield, IL) in a separatory funnel. The merozoites were collected by 
centrifugation as before and frozen on dry ice for RNA isolation, or further purified in diethylaminoethyi 

30 cellulose (DEAE, Whatman DE52. Whatman Bio Systems, Inc., Clifton, NJ) for Western blot analysis. 

For purification In DEAE cellulose, approximately 1 x 10 9 merozoites were applied in PBS to a 10-ml 
bed volume column and eluted with PBS. The merozoites were recovered in the first 100 ml of flow-through, 
essentially free of red blood cells and other cellular debris. 

35 Immunoprecipitation of 125 l-Labeled Surface Proteins 

The surface proteins of purified merozoites were labeled with 125 I by the IODOGEN method (Pierce 
Chemical Co.) or by use of IODOBEADS (Pierce Chemical Co.). For the latter procedure, 4 lODOBEADS 
were washed 3 x with 0.2 M sodium phosphate. pH 7.5, and 1-3 mCi of 12S l-Na were added and incubated 

40 for 5 minutes at room temperature. Purified merozoites (3 x 10 8 ) in 200 /*l of PBS, pH 7.0, were added to 
the reaction vial, and the incubation was continued for 15 minutes. At the end of the incubation, 
phenylmethanesulfonyl fluoride (PMSF) was added to a final concentration of 5 mM. 

The labeled merozoites were recovered from the incubation mixture by centrifugation at 12,000 x g for 
30 seconds and solubilized in 1 ml of either 2% sodium dodecysulfate (SDS) or 1% Triton X-100 in PBS, 

45 pH 7.0. Insoluble material was removed by centrifugation for 3 minutes at 12,000 x g. The solubilized 
proteins were dialyzed against 3 liters of PBS, pH 7.0, at 4'C using a 3,500 molecular weight cutoff 
membrane to remove any residual free ,25 l. The 12S l-labeled proteins (typically about 1.5 x 10 8 cpm 
incorporated into protein) were stored at 4*C until used. The TCA precipitable radioactivity was typically in 
excess of 95% of the total radioactivity. 

50 Rabbit antiserum against glutaraldehyde-fixed merozoites was prepared as follows: 

Approximately 1 x 10 9 purified merozoites were suspended in 1% gluteraldehyde in PBS and incubated at 
room temperature for 5 minutes. The fixed parasites were harvested by centrifugation at 2000 x g for 5 
minutes, washed three times with PBS and resuspended in 1 ml PBS. New Zealand white rabbits were 
given multiple intradermal injections in the skin of the back with a total of 0.5 ml of the fixed parasite 

55 solution emulsified with 0.5 ml complete Freund's adjuvant. Rabbits received two booster injections 
containing the same parasite protein in incomplete Freund's adjuvant at two week intervals. Blood was 
harvested from the ear vein two weeks after the last boost and serum containing antibodies was obtained by 
centrifugation of coagulated blood samples for 15 minutes at 2500 x g. 
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Samples of labeled proteins for immunoprecipitation (5 pi, containing 5 x 10 s cpm) were diluted into 100 
/<l of IP buffer (0.25% NP-40. 20 mM Tris-HCI, pH 7.5, 0.15 M NaCI), pre-cleared by incubation for 20 
minutes on ice with 5 ^g of Staph-A protein (Pansorbin®, Calbiochem Corp., San Diego, CA), and incubated 
for several hours at 4*C with 5-10 fi\ of the rabbit anti-merozoite serum. The antibody complexes were 

s collected by a second incubation with 5 ^g of Staph-A protein for 20 minutes on ice and centrlfuged for 15 
seconds in an Eppendorf centrifuge. The pellets were washed 4 times with IP buffer, and the labeled 
proteins i mm u no precipitated by the antibody reagent were eluted from the complex by heating to 100° C for 
5 minutes in SDS gel sample buffer (65 mM Tris pH 6.8, 0.5% SDS, 5% jS-mercaptoethanol, 10% glycerol, 
0.1% Bromophenol blue). SDS PAGE was carried out as described by Laemmli [Nature 227:680 (1970)]. 

w Results obtained with the rabbit antiserum were confirmed using immune chicken serum prepared as 
follows: 

Chickens were immunized by repeated infection with viable sporulated oocysts of E. tenella (100,000 
oocysts, given 3 times at 2 week intervals). Blood was harvested by cardiac puncture and the serum 
containing antibodies was separated from coagulated debris following centrifugation at 2500 x g for 5 
;5 minutes. 

Comparison studies were carried out in which both the anti-merozoite rabbit serum and the immune 
chicken serum were used to immu no precipitate (1) 125 l-surface-labeled Eimeria merozoite proteins and (2) 
the in vitro products of the translation of poly(A)-containing merozoite RNA. The precipitated proteins were 
then subjected to SDS PAGE and visualized by fluorography using standard fluorography techniques and 
20 reagents. 

These studies showed that the many proteins from both sources were precipitated by both sera. Thus, 
either serum could be used to screen genetic recombinants expressing Eimeria proteins. For convenience, 
the rabbit anti-merozoite serum was used first in the screening procedures described below. However, 
immune chicken serum was used in parallel screening of the cDNA library as described below. This was 
25 essential for the identification of proteins likely to be important in the immune response to the infectious 
organism, because only the chicken serum was produced in response to challenge with live organisms. 
Only the immunized chickens were demonstrably resistant to such organisms. 

To increase the specificity of the rabbit anti-merozoite serum for Eimeria proteins, antibody select was 
carried out on the sera essentially as described by Hall et al., supra. Briefly, antibodies specific for the 
30 precursor protein expressed by a recombinant phage clone (see below) were purified from the rabbit anti- 
merozoite serum as follows. 

The positive phage was plated to high density and grown at 42 °C for 3.5 hours. Expression of the 
fusion protein was induced by over layering the plate with a nitrocellulose filter saturated with 10 mM 
isopropylthiogalactoside (IPTG), and incubation was continued at 37* C for 6-8 hours. The antigen-loaded 
35 filters were washed in TBS (20 mM Tris HCI, pH 8.0, 150 mM NaCI) and incubated for 8-10 hours at 4° C 
with excess anti-merozoite serum which had been pre-absorbed with the E. coli host bacteria. The filters 
were washed 3 times with TBS to remove non-specific antibodies. 

The antibodies specifically bound to the fusion protein on the filters were eluted with 2.0 ml of 0.1 M 
glycine, pH 2.6, 0.15 M NaCI (15 minutes at 20 * C). The eluted antibodies were neutralized immediately 
40 with an equal volume 0.1 M Tris HCI, pH 8.0. The selected antibodies (hereinafter referred to as "antibody- 
select antibodies") were then used in the immunoprecipitation of surface-labeled merozoites or in vitro 
translation products, or as probes in Western blots of whole merozoite protein. Control sera were prepared 
using non-recombinant phage in the antibody-select procedure. 

The results of Western blot and immunoprecipitation analyses using the antibody-select antibodies are 
45 shown in Fig. 2. The products of the immunoprecipitation of labeled proteins were visualized by fluorog- 
raphy as described by Bonner et al. [Eur. J. Biochem, 46:83 (1974)]. Numbers to the right of the figure 
show the positions of molecular weight marker proteins having the indicated sizes in kilodaltons. 

Panel A of Fig. 2 shows an immunoblot of total merozoite proteins probed with control (a) or antibody- 
select antibodies (b). Panel B shows 125 l-f ace- labeled merozoite proteins that had been immunoprecipitated 
so with control (a), or antibody-select (b) antibodies. 

Isolation and In vitro Translation of Merozoite mRNA 

Frozen merozoite pellets containing 1 x 10 9 to 1 x 10 10 organisms were thawed into 10 ml of TEL/SDS 
55 buffer (0.2 M Tris HCI, 0.1 M LiCl, 25 mM EDTA, 1% (w/v) sodium dodecyi sulfate (SDS), pH 8.8) 
containing 1 mM dithiothreitol (DTT) and 300 units of RNasin (Promega Biotec, Madison, Wl) and 
homogenized with 10-12 strokes in a teflon-coated tissue homogenizer. Insoluble debris was separated by 
centrifugation in the cold at 3,000 x g. The supernatant fluid was extracted twice with phe- 
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nol:chloroform:isoamyl alcohol (24:24:1 ,vA/) which had been equilibrated with the TEL buffer. 

The aqueous phase was digested with 100 mg/ml proteinase K at 37* C for 30 minutes and reextracted 
with an equal volume of phenolxhloroform (1:1), and the nucleic acid was precipitated with two volumes of 
ethanol for 1 hour on dry ice, or overnight at -20 ' C. The pellet, after centrifugation at 10,000 x g for one 

5 hour, was resuspended in TE (10 mM Tris, pH 7.5, 2 mM EDTA) and spun through a 4 ml CsQI cushion (5.7 
M CsCI, 0.1 M EDTA) at 150,000 x g for 20 hours at 15° C. The RNA pellet was reprecipitated from 0.2 M 
potassium acetate with 2.5 volumes of ethanol. This total RNA was passed once over oligo-dT cellulose to 
enrich for poly (A) + RNA, as described by Maniatis, supra, page 197. A typical yield of 1.9 mg of total RNA 
from 5 x 10 s merozoites contained approximately 20 fig of poly(A)*RNA. 

10 Between 0.1 and 0.5 P g of mRNA was used to program in vitro protein synthesis in a nuc lease-treated 
rabbit reticulocyte lysate (Amersham Corp., Arlington Heigths, IL or Promega Biotec) supplemented with 1 0- 
20 pCl of 35 S-Methionine per 20 pi of reaction mixture. The in vitro translation products were analyzed by 
immunoprecipitation followed by SDS PAGE and visualized by fluorography as described above, with the 
results shown in Fig. 2, Panel C. 

75 Lane a of Panel C shows the complete mixture of products programmed by the poly (A>containing 
merozoite RNA. Lane b, c and d show translation products immunoprecipitated by antibodies selected by a 
recombinant phage clone designated lambda 5-7 (see below; this clone expresses a gene encoding the 
Eimeria precursor protein), another phage clone reacting with anti-merozoite serum and a non-recombinant 
lambda gtll clone, respectively, 

20 It should be noted that a major protein having an apparent molecular weight of about 30 kilodaltons can 
be seen in lanes a and b, Figure 2, Panel c. This protein is not present in the lane containing total merozoite 
proteins probed with antibody-select antibodies (Panel A, lane b), but a 23 kilodalton band can be seen in 
this gel (Panel A, lane b, arrow). A protein of 23 kilodaltons was also immunoprecipitated by the antibody- 
select antibodies from 125 I-labelled merozoite proteins as shown in Figure 3, panel B, lane b. These 

25 observations together suggest that the 30 kilodalton precursor protein may be processed by proteolytic 
cleavage in mature merozoites to the 23 kilodalton surface antigen. 

Preparation of a Merozoite cDNA Expression Library 

30 Double-stranded cDNA was synthesized from 6 /»g of the merozoite poly (A)* RNA as described by 
Gubler et al., Gene 25:263 (1983), using reverse transcriptase (BRL, Gaithersburg, MD) to elongate from an 
oligo(dT) primer and RNase H (BRL) and E. coli DNA polymerase I (New England Biolabs, Beverly, MA) to 
synthesize the complementary strand. The double-stranded cDNA was then blunt-ended with T4 DNA 
polymerase (BRL), and Eco Rl linkers (GGAATTCC, Collaborative Research Inc., Bedford, MA) were added 

35 after treatment with EcoRI methylase (New England Biolabs), following the manufacturers' protocols. 

Following digestion with EcoRI, the cDNAs were fractionated in Biogel A-50M to remove excess linker 
molecules and cDNAs smaller than approximately 300 bp, as described by Huynh et al., infra. The cDNA 
was then concentrated by precipitation from ethanol. 

A library was prepared in Xgtll (Stratagene Cloning Systems, San Diego, CA) as described by Huynh et 

40 al., in D. Glover (ed.), DNA Cloning Vol. I: A Practical Approach, 1985, IRL Press, Washington, D.C., pp. 49- 
78. The EcoRI cDNA fragments were ligated to EcoRI digested, dephosphorylated Xgtll arms (Stratagene 
Cloning Systems), and the resulting DNA was packaged into phage with the Gigapack® kit (Stratagene 
Cloning Systems), following the manufacturer's protocol. 

The resulting library was amplified by plating on Y1088 host cells. The percentage of recombinants was 

45 estimated from the ratio of blue to colorless plaques on X-gal plates (Maniatis,. supra, page 24) in the 
presence of isopropyi thiogalactoside (IPTG, Sigma Chemical Co.) to be about 90%. 

Immunological Screening of the cDNA Library 

so The Xgtll merozoite cDNA expression library was plated on Y1090 cells at a density of about 10,000 
plaques per 150 mm plate. Six such plates were incubated for 3.5 hours at 42 °C, overlayered with 
nitrocellulose filters previously soaked in 10 mM IPTG to induce the expression of the 0-galactosidase 
fusion protein, and incubated for an additional 4-5 hours to overnight at 37* C. The filters were removed 
from the plates and subjected to several batchwise washes with TBS (20 mM Tris HCI, pH 8.0, 0.15 M 

55 NaCI). Nonspecific protein binding sites were blocked by incubation in 20% fetal calf serum (FCS) in TBS 
for one hour at room temperature. 

The filters were then incubated for one hour with rabbit anti-merozoite serum which had been 
preadsorbed with the Y1090 cells, at 1:100 dilution in TBS containing 20% calf serum. Nonspecific 
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antibodies were removed in successive washes with TBS, one of which contained 0.1% NP-40. The filters 
were incubated with goat anti-rabbit peroxidase conjugate (BioRad, Richmond, CA) at 1:1000 dilution in TBS 
plus calf serum for one hour at room temperature. The color reaction was developed with 4-chloro-1- 
naphthol (BioRad) following the manufacturer's instructions. 

s Serum from immune chicks was also used for the screening. This serum was preadsorbed with Y1090 
cells and used at the same dilution as the rabbit serum. Rabbit anti-chicken antibody was used as the 
secondary antibody, and goat anti-rabbit horseradish peroxidase conjugate was used as the detecting 
antibody. Single plaques were isolated in a secondary screen using the same reagents. 

One clone, designated lambda 5-7, produced a protein that was strongly reactive with antibodies from 

70 the rabbit serum. A second isolate, I-5 was identified by screening with immune chick serum, and proved to 
contain a cDNA insert of the same size as the 5-7 clone. The DNA sequence analysis indicated that these 
phage clones encoded the same merozoite antigen. 

Expression of the Lambda 5-7 cDNA in E. coli 

75 

A 1.2 kb insert from lambda 5-7 was Isolated by EcoRI digestion and agarose gel electrophoresis 
[Maniatis et al., supra, pp. 157-170]. The EcoRI ends were repaired with Klenow polymerase in the 
presence of dATP and dTTP, and Bam HI linkers (GGGATCCC) were ligated to both ends. The modified 
fragment was inserted into each of the three expression vectors pDS56/RBSII, pDS56/RBSH,-1 and 
20 pDS56/RBSII,-2 at the BamHI site. These three vectors are described below. Plasmids containing the inserts 
in both possible orientations were transformed as described by Mandel et al. [J. Mol. Biol. 53:159 (1970)] 
into E. coli strain MI5 carrying the compatible plasmid pDMI.1. The E. coii strain MI5 harboring plasmids 
pDS56/RBSII and pDMI.1 is described in European Patent Application, Publication No. 316 695. 

25 Plasmid Construction 

Generally, plasmids pDS56/RBSII, -1 and -2 contain the regulatable promoter/operator element 
N250PSN250P29 and the ribosomal binding sites RBSII, RBS1I(-1) and RBSil(-2), respectively. These 
ribosomal binding sites were derived from the ribosomal binding site of the promoter P G2 s of the E. coli 

30 phage T5 [European Patent Application, Publication No. 207 459] and were obtained via DNA synthesis. 

Due to the high efficiency of expression, the above-mentioned plasmids can be maintained in E. coli 
cells only if the promoter/operator element is repressed by the binding of a lac repressor to the operator. 
The lac repressor is coded in the lacl gene. N250PSN250P29 can be repressed efficiently only when a 
sufficient number of repressor molecules is present in the cells. Therefore, the lacl q allele, which contains a 

35 promoter mutant responsible for an increased expression of the repressor gene, was used. This lacl q allele 
is present on the plasmid pDMI.1, as described below. 

The pDMI.1 plasmid carries, in addition to the lac I gene, the neomycin phosphotransferase gene, which 
confers kanamycin resistance to the bacteria and which is used as the selection marker. pDMI.1 is 
compatible with the pDS56/RBSII, -1 and -2 plasmids. E. coli cells which are transformed with expression 

40 vectors PDS56/RBS1I, -1 and -2 must contain pDMI.1 to guarantee that the expression vector is held stable 
in the cells. Induction of this system is achieved by adding IPTG to the medium. 

Plasmid pDS56/RBSII 

45 The part of pDS56/RBSII which lies between the restriction cleavage sites for Xbal and Xhol and which 
contains the replication region and the gene for ^-lactamase (which confers amplcillin resistance to the 
cells) (Figs. 4 and 5) was derived originally from the plasmid pBR322 [Bolivar et al.j Gene 2: 95-1 1 3 (1 977); 
Sutcliffe, Cold Spring Harbor Symp. Quant. Biol. 43: 77-90 (1979)]. However, the gene fo? ^-lactamase is 
modified by elimination of the cleavage sites for the~restriction enzymes Hindi and Pstl. These alterations in 

so the DNA sequence have no effect on the amino acid sequence of the ^-lactamase. The remaining part of 
the plasmid carries the regulatable promoter/operator element N250PSOP29 followed by the ribosomal 
binding site RBSII, which is part of an EcoRI/BamHI fragment, cleavage sites for the restriction enzymes 
Sail, Pstl and Hindlll, the terminator to of E. coli phage lambda [Schwarz et al., Nature 272: 410-414 (1978)], 
the promoter-free gene of chloramphenicol acetyltransf erase [Marcoli et al., FEBS~Letters, 110: 11-14 

55 (1980)] and the terminator T1 of the E. coli rrnB operon [Brosius et al., J. Mol. Biol. 148: 107-12771981)]. 

Plasmid pDS56/RBSII(-1) 
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Plasmid pDS56/RBSII(-1) (Figs. 6 and 7) is similar to plasmid pDS56/RBSII but contains the ribosomal 
binding site RBSfl(-1). 

Plasmid pDS56/RBSIl(-2) 

5 

Plasmid pDS56/RBSH(-2) (Figs. 8 and 9) is similar to plasmid pDS56/RBSIi but contains the ribosomal 
binding site RBSII(-2). 

The difference in these three plasmids is that they differ by one nucleotide following the ATG start 
codon resulting in protein expression from ail three potential reading frames. 

10 

Plasmid pDMI.1 

Plasmid pDMI.1 (Figs. 10 and 11) carries the gene for neomycin phosphotransferase from the 
transposon Tn5 [Beck et al., Gene 19: 327-336 (1982)], which confers kanamycin resistance to E. coli cells, 

15 and the lad gene [Farabough, Nature 274: 765-769 (1978)] with the promoter mutation P [Calos, Nature 
274: 762-765 (1978)], which codes for the lac repressor. Moreover, plasmid pDMI.1 contains a region of the 
plasmid pACYC184 [Chang and Cohen, J. Bacterioi. 134: 1141-1156 (1978)], which contains all information 
required for the replication and stable transmission to the daughter cells. 

It should be understood that in addition to the above-described plasmid, any E. coli expression system 

20 is contemplated to be useful in this experiment 

The bacterial transformants were grown at 37 *C in LB medium [Maniatis et al., supra, page 68] and 
expression of protein induced by addition of 1mM IPTG to the medium. After incubating for 1 hour, 1-ml 
samples were taken, and the cells in the samples were collected by centrifugation. The cell pellets were 
treated as described by Crowl et al., supra, and the lysates were subjected to SDS PAGE. Following 

25 electrophoresis, the proteins in the gels were either stained with Coomassie brilliant blue or transferred to 
nitrocellulose membranes for Western blot analysis [Towbin et al., Proc. Natl. Acad. Sci. USA 76:4350 
(1979); Burnetti, Anal. Biochem. 112:195 (1981)], using the rabbit anti-merozoite serum as described "above. 

This analysis showed that the 1.2 kb cDNA molecule in one orientation in all three reading frames 
produced a protein that migrated with an apparent molecular weight of about 30 kilodaltons and reacted with 

30 the antibodies from the rabbit anti-merozoite serum. This is consistent with the presence of stop codons in 
all three reading frames proceeding the ATG start codon at nucleotide 68 in the cDNA sequence, as shown 
in Figure 1. 

DNA Sequence Analysis 

35 

In general, small scale isolation of plasmid DNA from 1 ml of saturated overnight cultures was carried 
■ out using the procedure of Birnboim et al. [Nucleic Acids Research 7:1513 (1979)]. This procedure allows 
the isolation of a small quantity of DNA from a bacterial colony for analytical purposes. Larger amounts of 
plasmid DNA were prepared using 1 -liter cultures following a standard protocol with cesium chloride 
40 centrifugation [Maniatis et al., supra, page 93]. 

The DNA sequence of the 1.2 kb EcoRI cDNA insert from lambda 5-7 was determined as follows. The 
insert was digested with EcoRI, gel isolated, and llgated to the EcoRI digested pEV-vrf plasmid described 
by Crowl et al. [Gene 38:31 (1985)]. This plasmid was designated pEV/5-7 and was used to propagate the 
1.2 kb cDNA insert for hybridization analysis (as described below) and in preliminary DNA sequence 
45 analysis by the method of Zagursky et al. [Gene Anal. Tech 2:89(1983)]. 

To determine the complete DNA sequence, the 1 .2 kb cDNA insert was further subcloned into the MI3, 
Mpl8 and Mpl9 single-stranded phage vectors using the Bio-Rad MI3 Cloning and Sequencing Kit. The DNA 
sequence was determined by the dideoxy chain-termination method of Sanger et al; [Proc. Natl. Acad. Scl. 
USA 74: 5463 (1977)] using reagents and protocols provided with the Bio-Rad kit. 
so The complete nucleotide sequence of the 1.2 kb cDNA from lambda 5-7 including the 5* and 3' 
untranslated regions is shown in Fig. 1. Analysis of the sequence of a second isolate prepared as described 
above using immune chicken serum, designated 1-5, showed that this isolate contained the following 
additional nucleotide at the 5' end and lacks the EcoRI site of the 5-7 insert: 

55 

AATTCGCCTTTNCGCTTGCACCCTTTGAGCTTC (1-5) 

AATTCGG (5-7) 
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The remainder of the sequence of this second isolate is identical to that of lambda 5-7 from base number 8 
to the beginning of the poly-A tract, except for nucleotide number 300, where a cytidine residue is found 
instead of a thymidine residue. 

The cDNA sequence predicts an open reading frame extending from the ATG at position 68 to the TAA 
s stop codon at position 868. encoding 200 amino acid residues as shown in Figure 1. 

The theoretical size of 24 kilodaltons for a protein of 200 amino acids is slightly smaller than the 
estimated size of the primary translation product observed in the immunoprecipitation of merozoite mRNA 
(Figure 3, panel c, lane b) by the antibody-select reagent and the protein expressed from the cDNA in the 
E. coli expression vectors described above. However, this theoretical molecular weight is within the range of 
10 variation expected between theoretical molecular weights and molecular si2e determined by interpolation 
relative to molecular weight standards on SDS-PAGE. 

Analysis of the deduced amino acid sequence of the protein encoded by the lambda 5-7 cDNA insert 
(Fig. 1) shows that the first twenty amino-terminal amino acid residues have an overall hydrophobic 
character, suggestive of a possible signal sequence. 

75 

Hybridization Analysis 

DNA was isolated from excysted, sporulated oocysts following treating with trypsin and bile and 
washing with PBS as follows: 

20 The parasite material (approximately 1 x 10 9 oocysts) was suspended in. 20 ml of 0.5 M EDTA, pH 8.0, 
0.5% Sarcosyl (Sigma, St Louis, MO) and digested with proteinase K (Boehringer- Mannheim, BRD) at 0.1 
/ig/ml for 2 hours at 50° C, with RNase (10 /ig/ml) for 1 hour at 37* C, and again with proteinase K for 1 hour 
at 50 " C. The protein was removed with 2 extractions with phenol saturated with 20 mM Tris HCI, pH 7.5, 1 
mM EDTA (TE), and one extraction with phenol/chloroform (1:1). The aqueous phase was dialysed 

25 extensively against TE and concentrated by ethanol precipitation. A typical yield of 0.4 mg DNA per 1 x10 6 
oocysts was obtained. 

The parasite DNA was digested with various restriction endonucleases following the manufacturers* 
protocols and the resulting DNA fragments were resolved by electrophoresis at 40 V for 2.5 hours in 0.8% 
agarose in Loening Buffer (4.7 g NaH 2 PCU, 4.36 g Tris base, 0.372 g Na 2 EDTA per liter, pH 7.6). The gel 
30 was treated with 0.25 M HCI for 30 minutes, and transferred to a Zeta-Probe membrane (Bio-Rad) in 0.4 M 
NaOH overnight. The filter was neutralized in 2 X SSC (pH 6.8) and baked for one hour at 80* C under 
vacuum. 

The filter was prehybridized for 3 hours at 65* C in 7% SDS, 1% BSA (Boehringer, fraction V), 0.5 M 
NaHPO* buffer, pH 7.2. The 5-7 gene EcoRI insert was gel isolated following digestion of the pEv/5-7 

35 plasmid. as described above, with EcoRI, and labeled by random-priming with Klenow fragment in the 
presence of 32 P-!abeled deoxynucleotides. The labelled insert was separated from unincorporated 
nucleotides in Spin-Columns (Bio-Rad), denatured and added to the hybridization solution. Following 
incubation for 12 hours at 65* C, the filters were washed 3 times with 2 X SSC/0.1% SDS, and twice with 
0.1 X SSC/0.1% SDS at 65 °C. The genomic DNA fragments hybridizing to the probe were detected by 

40 autoradiography. Although the pEV/5-7 plasmid was used here, it is understood that any equivalent vector 
containing the 1.2 kb cDNA insert of the merozoite 5-7 gene would also perform in an acceptable manner. 

The results of this analysis are shown in Fig. 3, where the results of digestion by Pvull (1), Hindi (2), 
Pstl (3), Sphl (4) or Sacl (5) can be seen. 

Genomic DNA fragments of 6.5 and 3.6 kb were detected following digestion with Pvull and Sacl, in 

45 lanes 1 and 5, respectively. Since there are no sites for these enzymes in the cDNA clone, the maximum 
size of the Elmeria gene can be estimated to be 3.6 kb. Digestion of genomic DNA with EcoRI produced a 
1.2 kb genomic fragment corresponding in size to the cDNA fragment. Double digestion with Hindi and 
EcoRI produced a 0.9 kb fragment predicted from the cDNA sequence flanked closely by EcoRI sites. 

Three fragments were detected following digestion with Pstl (lane 3). Two Pstl sites are predicted from 

so the cDNA sequence, which would produce an internal fragment of 305 bp and two joint fragments. The 
appearance of a third large Pstl fragment is probably the result of incomplete digestion at the internal Pstl 
sites. 

The pattern of fragments produced by Sphl (lane 4), which also cuts twice in the cDNA, provides no 
definitive information. The small internal Sphl fragment predicted from the cDNA sequence could not have 
55 been detected in this gel. 

In a Northern blot analysis [Alwine et al., Proc. Natl. Acad. Sci. USA 74: 5350 (1977)] of poly(A)- 
containing mRNA isolated from merozoites, the 1.2 kb cDNA fragment of the lambda 5-7 gene hybridized to 
a single mRNA species of approximately 1.3 kb in length. From the size correlation, it is apparent that the 
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5-7 clone, together with the 5 1 extension determined from the 1-5 isolate mentioned above, represents the 
full-length sequence of the cDNA, with the possible exception of the extreme 5* nucleotides. 

Taken together, the foregoing observations are consistent with co-linearity of the cDNA and genomic 
sequences. 

5 Many modifications and variations of this invention may be made without departing from its spirit and 
scope, as will become apparent to those skilled in the art. The specific embodiments described herein are 
offered by way of example only, and the invention is to be limited only by the terms of the appended 
claims. 

ro Claims 

1. A protein having one or more immunoreactive and/or antigenic determinants of an Eimeria merozoite 
surface antigen, which surface antigen has an apparent molecular weight of about 23 kilodaltons by 
SDS PAGE and is derived from a precursor protein having an apparent molecular weight of about 30 

15 kilodaltons by SDS PAGE and which protein is substantially free of other Eimeria proteins. 

2. The protein of claim 1 having the amino acid sequence 
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35 

or a partial sequence thereof, such as the partial sequence lacking essentially the first twenty amino 
acid residues in the amino acid sequence defined above, or a functional equivalent protein thereof, 
having am amino acid sequence which is related to the said amino acid sequence by deletions, 
insertions or substitutions without essentially changing the immunological properties of the protein. 

AO 

3. A DNA encoding a protein according to claim 1 or 2. 

4. A DNA encoding a protein according to claim 1 or 2 having all or part of the nucleotide sequence 
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ATGGCTAAGTCTATGCTTTCTGGAATTGTTTTTGCTGGTCTTGTTGCTGCTGCAGCGGCC 



AGTTCGGCCAACAGCGCCGCCAACGTCTCCGTTTTGGAGAGTGGGCCCGCTGTGCAGGAA 



GTGCCAGCGCGCACGGTCACAGCTCGCCTGGCGAAGCCTTTGCTGCTTCTTTCTGCTCTT 



GCTGCGACTTTGGCAGCAGCTTTCCTCGTTTTGCAATGCTTCAACACCATCTCCAGCAAC 



AACCAGCAAACCAGCGTCAGGAGACTGGCCGCCGGAGGTGCATGCGGAGATGAGGAAGAT 



GCAGATGAGGGAACTTCACAGCAGGCCAGCCGGAGGAGGAGAAAACCTGATACCCCTGCA 



GCAGATAAATACGATTTTGTTGGCGGAACTCCAGTTTCGGTCACTGAGCCGAATGTTGAT 



GAAGTCCTTATCCAAATTAGAAATAAACAAATCTTTTTGAAGAACCCATGGACTGGACAA 



GAAGAACAAGTTCTAGTACTGGAACGACAAAGTGAAGAACCCATTCTGATTGTGGCGAGG 



ACAAGACAACACtTGAAGGATATCTTGGTAGTCAGCTCTTGCACAGGACGGAAAGACTGC 



TAA or a funtlonal equivalent thereof. 



5. A recombinant vector comprising a DNA having a nucleotide sequence encoding a protein according to 
claim 1 or 2, which recombinant vector is capable of directing the expression of the said DNA In a 
compatible host organism. 

6. A recombinant virus comprising a DNA having a nucleotide sequence encoding a protein according to 
claim 1 or 2, which recombinant virus is capable of directing the expression of the said DNA in a 
compatible host organism. 

7. A transformed microorganism containing a recombinant vector comprising a DNA having a nucleotide 
sequence encoding a protein according to claim 1 or 2, which microorganism is capable of expressing 
the said DNA, 

8. A protein according to claim 1 or 2 for the immunization of poultry against coccidiosis. 

9. A method for producing a protein according to claim 1 or 2, which method comprises: 

(a) culturing a microorganism containing a recombinant vector comprising a DNA having a 
nucleotide sequence encoding the said protein under conditions in which the DNA is expressed; and 

(b) isolating the protein or fragment from the culture. 

10. A method for producing a recombinant vector comprising a DNA having a nucleotide sequence 
encoding a protein according to claim 1 or 2, which method comprises: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into a vector; 

(b) replicating the said vector in a microorganism; and 

(c) isolating the recombinant vector from the microorganism. 
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11. A method for producing a recombinant virus comprising a DNA having a nucleotide sequence encoding 
a protein according to claim 1 or 2, which method comprises: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into the genome of a 
virus without inhibiting viral maturation and infectivity; 
s (b) amplifying the said recombinant virus in a cell culture; and 

(c) purifying the recombinant virus from the culture medium. 

A method for producing a transformed microorganism capable of producing a protein according to 
claim 1 or 2, which method comprises: 

(a) transforming a microorganism with a recombinant vector comprising a DNA having a nucleotide 
sequence encoding the said protein; and 

(b) growing the transformed microorganism in a fermentation broth. 

13. A vaccine for protecting poultry against coccidiosis comprising a protein according to claim 1 or 2 and 
is a physiologically acceptable carrier or adjuvant. 

14. A vaccine for protecting poultry against coccidiosis containing a recombinant virus comprising a DNA 
having a nucleotide sequence encoding a protein according to claim 1 or 2, which recombinant virus is 
capable of directing the expression of the DNA in a compatible host organism, and a physiologically 

20 acceptable carrier or adjuvant. 

15. The use of a protein according to claim 1 or 2 for the preparation of a vaccine capable of protecting 
poultry against coccidiosis. 

25 Claims for the following Contracting States: GR, ES. 

1. A process for the preparation of a protein having one or more immunoreactive and/or antigenic 
determinants of an Eimeria merozoite surface antigen, which surface antigen has an apparent molecular 
weight of about 23 kiiodaltons by SDS PAGE and is derived from a precursor protein having an 

30 apparent molecular weight of about 30 kiiodaltons by SDS PAGE and which protein is substantially free 
of other Eimeria proteins, which process comprises: 

(a) culturing a transformed microorganism containing a recombinant vector comprising a DNA having 
a nucleotide sequence encoding the said protein under conditions in which the DNA is expressed; 
and 

35 (b) isolating the protein from the culture. 

2. A process according to claim 1 wherein the transformed microorganism contains a recombinant vector 
comprising a DNA sequence encoding a protein having the amino acid sequence 
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or a partial sequence thereof, such as the partial sequence lacking essentially the first twenty amino 
acid residues in the amino acid sequence defined above, or a functional equivalent protein thereof, 
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having am amino acid sequence which is related to the said amino acid sequence by deletions, 
insertions or substitutions without essentially changing the immunological properties of the protein. 

3. A process for the preparation of a recombinant vector comprising a DNA having a nucleotide sequence 
encoding a protein as defined in claim 1 or 2, which process comprises: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into a vector; 

(b) replicating the said vector in a microorganism; and 

(c) isolating the recombinant vector from the microorganism. 

4. A process for the preparation of a recombinant virus comprising a DNA having a nucleotide sequence 
encoding a protein as defined in claim 1 or 2, which process comprises: 

(a) inserting a DNA having a nucleotide sequence encoding the said protein into the genome of a 
virus without inhibiting viral maturation and infectivity; 

(b) amplifying the said recombinant virus in a cell culture; and 

(c) purifying the recombinant virus from the culture medium. 

5. A process for the preparation of a transformed microorganism capable of producing a protein as 
defined In claims 1 or 2, which process comprises: 

(a) transforming a microorganism with a recombinant vector comprising a DNA having a nucleotide 
sequence encoding the said protein; and 

(b) growing the transformed microorganism in a fermentation broth. 

6. A process for the preparation of a vaccine for the immunization of poultry against coccidiosis, which 
process comprises mixing a protein as defined in claim 1 or 2 with a pharmaceutical ly acceptable 
carrier. 

7. The use of a protein as defined in claim 1 or 2 for the preparation of a vaccine capable of protecting 
poultry against coccidiosis. 

8. A method for protecting poultry against coccidiosis comprising administering an effective amount of a 
vaccine comprising a protein as defined in claim 1 or 2 and a physiologically acceptable carrier, to a 
young fowl that is susceptible to coccidiosis. 

9. A method for protecting poultry against coccidiosis comprising administering an effective amount of a 
vaccine containing 

(a) a recombinant virus comprising a DNA having a nucleotide sequence encoding a protein as 
defined in claim 1 or 2, which recombinant virus is capable of directing the expression of the DNA in 
a compatible host organism, and 

(b) a physiologically acceptable carrier, to a young fowl that is susceptible to coccidiosis. 

10. The method of claim 8 wherein the effective dose of proteins or protein fragments ranges from about 5 
to about 50 micrograms/kg of body weight of the vaccinated animal, preferably 25-50 micrograms/kg. 

11. The method of claim 9 wherein the recombinant virus vector is a recombinant pox virus such as a 
recombinant fowl pox virus. 

12. The method of claim 8 or 9 comprising the additional step of administering single or multiple booster 
vaccinations. 

13. A method for protecting poultry against coccidiosis comprising administering an effective amount of a 
vaccine comprising a protein as defined in claim 1 or 2 and a physiologically acceptable carrier, in ovo. 

14. A method for protecting poultry against coccidiosis comprising administering an effective amount of a 
vaccine containing a recombinant virus comprising a DNA having a nucleotide sequence encoding a 
protein as defined \n claim 1 or 2, which recombinant vector is capable of directing the expression of 
the DNA, and a physiologically acceptable carrier, in ovo. 

15. A DNA encoding a protein having one or more immunoreactive and/or antigenic determinants of an 
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Eimeria merozoite surface antigen, which surface antigen has an apparent molecular weight of about 23 
kilodaltons by SDS PAGE and is derived from a precursor protein having an apparent molecular weight 
of about 30 kilodaltons by SDS PAGE and which protein is substantially free of other Eimeria proteins. 

16. A DNA sequence comprising all or part of the nucleotide sequence 
ATGGCTAAGTCTATGCTTTCTGGAATTGTTTTTGCTGGTCTTGTTGCTGCTGCAGCGGCC 
AGTTCGGCCAACAGCGCCGCCAACGTCTCCGTTTTGGAGAGTGGGCCCGCTGTGCAGGAA 
GTGCCAGCGCGCACGGTCACAGCTCGCCTGGCGAAGCCTTTGCTGCTTCTTTCTGCTCTT 
GCTGCGACTTTGGCAGCAGCTTTCCTCGTTTTGCAATGCTTCAACACCATGTCCAGCAAC 
AACCAGCAAACCAGCGTCAGGAGACTGGCCGCCGGAGGTGCATGCGGAGATGAGGAAGAT 
GCAGATGAGGGAACTTCACAGCAGGCCAGCCGGAGGAGGAGAAAACCTGATACCCCTGCA 
GCAGATAAATACGATTTTGTTGGCGGAACTCCAGTTTCGGTCACTGAGCCGAATGTTGAT 
GAAGTCCTTATCCAAATTAGAAATAAACAAATCTTTTTGAAGAACCCATGGACTGGACAA 
GAAGAACAAGTTCTAGTACTGGAACGACAAAGTGAAGAACCCATTCTGATTGTGGCGAGG 
ACAAGACAACACTTGAAGGATATCTTGGTAGTCAGCTCTTGCACAGGACGGAAAGACTGC 
TAA or a functional equivalent thereof. 

17. A recombinant vector comprising a DNA having a nucleotide sequence encoding a protein as defined in 
claim 1 or 2, which recombinant vector is capable of directing the expression of the said DNA in a 
compatible host organism. 

18. The recombinant vector of claim 17 which is an E.coli vector. 

19. A recombinant virus comprising a DNA having a nucleotide sequence encoding a protein as defined in 
claim 1 or 2, which recombinant virus is capable of directing the expression of the said DNA in a 
compatible host organism. 

20. A transformed microorganism containing a recombinant vector comprising a DNA having a nucleotide 
sequence encoding a protein as defined in claim 1 or 2, which microorganism is capable of expressing 
the said DNA. 
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FIG 1a 

1 GCTTTTGCGTCGGAGATAGTCGTTGTGTGTTTGCGCGATCACCCGCGAACTTCTCTACCA 

6 1 ACTGAAAATGGCTAAGTCTATGCTTTCTGGAATTGTTTTTGCTGGTCTTGTTGCTGCTGC 
MAKSML SG IVFAGLVAAA 

121 AGCGGCCAGTTCGGCCAACAGCGCCGCCAACGTCTCCGTTTTGGAGAGTGGGCCCGCTGT 
AASSANSAANVSVLESGPAV 

181 GCAGGAAGTGCCAGCGCGCACGGTCACAGCTCGCCTGGCGAAGCCTTTGCTGCTTCTTTC 
QEVPART VTARLAKP LLLLS 

241 TGCTCTTGCTGCGACTTTGGCAGCAGCTTTCCTCGTTTTGCAATGCTTCAACACCATCTC 
ALAATLAAAFLVLQCFNTIS 

301 CAGCAACAACCAGCAAACCAGCGTCAGGAGACTGGCCGCCGGAGGTGCATGCGGAGATGA 
SNNQQTSVRRLAAGGACGDE 

3 61 GGAAGATGCAGATGAGGGAACTTCACAGCAGGCCAGCCGGAGGAGGAGAAAACCTGATAC 
ED ADE G TSQQASRRRR KPDT 

421 CCCTGCAGCAGATAAATACGATTTTGTTGGCGGAACTCCAGTTTCGGTCACTGAGCCGAA 
PA ADKYDFVGGTPVSVTEPN 

481 TGTTGATGAAGTCCTTATCCAAATTAGAAATAAACAAATCTTTTTGAAGAACCCATGGAC 
VDEVLIQIRNKQIFLKNPWT 

54 1 TGGACAAGAAGAACAAGTTCTAGTACTGGAACGACAAAGTGAAGAACCCATTCTGATTGT 
GQEE QVLVLERQSEEP ILIV 

601 GGCGAGGACAAGACAACACTTGAAGGATATCTTGGTAGTCAGCTCTTGCACAGGACGGAA 
ARTRQHLKDI LVVSSCT GRK 

661 AGACTGCTAAAGAAGAGAAAGTTGAAGGAGGCAAAACTCACAGAAGATATAAAGTCAAGA 
D C 

721 GCAGCGACCCAGGATATGGATTCCCATACACCACGGTGCTCGACGGGGTTCCTGTGGGAA 



21 



EP 0 439 056 A2 



FIG 1b 

781 CAGACGAAGACGGATACGTCGTCGAAGTTCTTATGAAAACCGGACCCCATGGAGGAGTCG 
841 ACATGATGACTAGC AC AGCATCAC AAGGAAAATTCTGCGGAGTGCTTATGGATGACGGAA 
901 AAGGAAACCTAGTCGATGGACAAGGGAGAAAAATTACCGCCGTTATCGCATGCTAACTCA 
961 ACCGGATACCGAGTTTAGAAGCGGACCAGGAGACGACGAGGACGACGAGTGAGTGAGCGG 
1021 AGTTGGCTTTTGTCCCTGTTGATGCCGTTGCCCACTTTCGCAGCTTGCTTGTTTCCTGGG 
1081 CTTGCCTGTGCCGCGACATGCGCTTGGCGTTCCGCCTGAGTTCTTTCGGACTGTTTTAAC 
1141 TTTTAATTCATTTTCTACTGCGGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1194 
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FIG 2 
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FIG 4 



N250PSN250P29 




25 




EP 0 439 056 A2 

FIG 5 a 

Xhol 

1 CTCGAGAAAT CATAAAAAAT TXAXTTGCTT TGTGAGCGGA TAACAATTAT 

EcoRI 

51 AATAGATTCA ATTGTGAGCG GAIAACAA1T TCACACAGAA TTCATTAAAG 

BamHI Sail PstI Hindlll 
101 AGGAGAAATT AACTATGAGA GGATCCGTCG ACCTGCAGCC AAGCTTAATT 

MetArg GlySerValA spLeuGlnPr oSerLeuIle 

151 AGCTGAGCTT GGACTCCTGT TGAIAGATCC AGTAATGACC TCAGAACTCC 
Ser 

201 ATCTGGATTT GTTCAGAACG CTCGG1TCCC GCCGGGCGTT 1TTTATTGGT 

251 GAGAATCCAA GCTAGCTTOG CGAGATTPTC AGGAGCTAAG GAAGCTAAAA 

301 TGGAGAAAAA AATCACTGGA XATACCACCG TTGMAIATC CCAATGGCAT 

351 CGXAAAGAAC ATTTTGAGGC ATTTCAGTCA. CTTCCTCAAT GT&CCXATAA 

401 CCAGACOGTT CAGCTGGATA TTACGGCCTT TTTAAAGACC GTAAAGAAAA 

451 ATAAGCACAA GTTTTATCCG GCCTTTATTC ACATTCTTGC CCGCCTCATG 

501 AATGCTCATC CGGAATTTCG TATOGCAATO AAAGACGGTG AGCTCGT G AT 

551 AIGGGAXAGT GSTCACCCTT GTTACACCXaT TTTCCATCAG CAAACTGAAA 

601 CGTTTTCATC GCTCTGGAGT GAAIACCACG ACGATTTCCG GCAGTTTC1A 

651 CACAXAXAXT CGCAAGA3X5T GGCGTGTTAC GGTGAAAACC TGGCCTATTT 

701 CCCTAAAGGG TTTA3TGAGA ATATGTTTTT CGTCTCAGCC AATCCCTGGG 

751 TGAGTTTCAC CAGTTTTGAT TTAAACGTOG CCAATATGGA CAAdTCTTC 

801 GCCCCCGT1T TCACCATGGG CAAATATTAT ACGCAAGGCG ACAAGGTGCT 

851 GATGCCGCTG GCGATTCAGG TTCATCATOC CGTCTGTGA.T GGCTTCCATC 

901 TCGGCAGAAT GCTTAATGAA TTACAACAGT ACTGCGATGA GTGGCAGGGC 

951 GGGGCGTAAT TTTTTEAAGG CAGTTATTOG TGCCCTTAAA CGCCTGGGGT 

1001 AATCACTCTC TAGCTTGAGG CATCAAATAA AACGAAAGGC TCAGTCGAAA 

1051 GACTGGGCCT TTCGTTTEAT CTG1TCTTTG TCGGTGAACG CTCTCCTGAG 

Xbal 

1101 TAGGACAAAT CCGCCGCTCT AGAGCTGCCT CGCGCGTTTC GGTGATGACG 



26 



EP 0 439 056 A2 

FIG 5 b 

1151 GTGAAAACCT CTGACACATG CAGCTCCCGG AGACGGTCAC AGCTTGTCTG 
1201 TAAGCGGATG CCGGGAGCAG ACAAGCCCGT CAGGGCGCGT CAGCGGGTGT 
1251 TCGCGGGTGT CGGGGCGCAG COUGACCCA GTCACGTAGC GATAGCGGAG 
1301 TGTAIACTCG CTTAACTATG CGGCAICAGA GCAGATTGTA CTGAGAGTGC 
1351 ACCAXATGCG GTGTGAAA1A CCGCACAGAT GCGTAAGGAG AAAATACCGC 
1401 ATCAGGCGCT CTTCCGCTTC CTCGCTCACT GACTCGCTGC GCTCGGTCTC 
1451 TCGGCTGCGG CGAGCGGTAT CAGCTCACTC AAAGGCGGTA ATACGGT3AT 
1501 CCACAGAAIC AGGGGMAAC GCAGGAAAGA ACATOTGftGC AAAAGGCCAG 
1551 CAAAAGGCCA GGAACCGTAA AAAGGCCGCG TTGCTCGCGT TTTTCCAIAG 
1601 GCTCCGCCCC CCTGACGAGC ATCACAAAAA TCGACGCTCA AGTCAGAGGT 
1651 GGCGAAACCC GACAGGACTA TAAAGAIACC AGG CGTCT CC CCCTCGAAGC 
1701 TCCCTCGTGC GCTCTCCTCT TCCGACCCTG CCGCTTACCG GATACCTGTC 
1751 CGCCTTTCTC CCTTCGGGAA GCGTGGOGCT TTCTCAATCC TCACCaTICTA 
1801 GGTATCTCAG TTCGCTCTAG GTCGTTCGCT CCAAGCTGGG CTGTGTGCAC 
1851 GAACCCCCCG TTCAGCCCGA CCGCTGCGCC TTATCCGGTA ACT3VTCGTCT 
1901 TGAGTCCAAC CCGGTAAGAC ACGACTEATC GCCACTGGCA GCAGCCACTG 
1951 GTAACAGGAX TAGCAGAGCG AGGTA1GTAG GCGGTGCTAC AGAGTTCTTG 
2001 AAGTGGTGGC CTAACTACGG CTAO^CIMA AGGACAGTAT TTGGTAXCTG 
2051 CGCTCTGCTG AAGCCAGTEA CCTTCGGAAA AAGAGTTGGT AGCTCTTGAT 
2101 CCGGCAAACA AACCACCGCT GGTAGCGGTG GTTTTTTTGT TTCCAAGCAG 
2151 CAGATTACGC GCAGAAAAAA AGGATCTCAA GAAGATCCTT TCAT CT1TT C 
2201 TAOGGGGTCT GACGCTCAGT GGAACGAAAA CTCACGTTAA GGGAITTTGG 
2251 TCATCAGATT ATCAAAAAGG ATCTTCACCT AGATCCTTTT AAATTAAAAA 
2301 1GAAGXTITA AATCAATCTA AAGTATATAT GAGTAAACTT G G TC TC ACAG 
2351 TTACCAATGC TIAATCACTG AGGCACCTAT CTCAGCGATC TCTCTATITC 
2401 GTTCATCCAT AGCTGCCTGA CTCCC C GTC G TCTAGAIAAC TACGAIACGG 
2451 GAGGGCTTAC CATCTGGCCC CAGTGCTGCA ATGATACCGC GAGACCCACG 
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FIG 5 c 



2501 


CTCACCGGCT 


CCAGATTEAT CAGCAAIAAA CCAGCCAGCC GGAAGGGCCG 


2551 


AGCGCAGAAG 


TGGTCCTGCA ACTTTATCCG CCTCCATCCA GTCTATTAAT 


2601 


TGTTGCCGGG 


AAGCTAGAGT AAGTRGTTCG CCAGTIAATA GTITCCGCAA 


2651 


CGTTCTTGCC 


ATTGCTACAG GCATOGTGGT GTCACGCTCG TCGTTTGGTA 


2701 


TGGCraCATT 


CAGCTCCGGT TCCCAACGAT CAAGGCGAGT TACATGATCC 


2751 


CCCATGTTGT 


GCAAAAAAGC GGTTftGCTCC TTCGGIIXTIC CGATCG1TCT 


2801 


CAGAAGTAAG 


TOGGCCGCAG TGTTATCACT CAJGGTEA2X3 GCAGCACTGC 


2851 


ATAAITCTCT 


TACTGTCATG CCATCCGTAA GATGCTTTTC TGTGACTGGT 


2901 


GAGTACTCAA 


CCAAGTCATT CTGAGAAIAG TGTATGCGGC GACCGAGTTG 


2951 


CTCTTGCCCG 


GCGTCAATAC GGGATAATAC CGCGCCACAX AGCAGAACTT 


3001 


TAAAAGTGCT 


CATCATTOGA AAACGTOCTT CGGGGCGAAA ACTCTCAAGG 


3051 


ATCCTACCGC 


TGTTGAGATC CAGTTCGATC TftACCCACTC GTGCACCCAA 


3101 


CTGATCTTCA 


GCATCTTITA CTTTCACCAG CGTTTCTGGG TGAGCAAAAA 


3151 


CAGGAAGGCA 


AAATGCCGCA AAAAAGGGAA TAAGGGCGAC ACGGAAATCT 


3201 


TGAATACTCA 


TACTCTTCCT TTTTCAAIAX TATTGAAGCA TTTATCAGGG 


3251 


TTATTCTCTC 


ATGAGCGGAT ACATATTTGA ATCTAITTAG AAAAA3CAAAC 


3301 


AAAIAGGGGT 


TCCGCGCACA TTTCCCOGAA AAGTGCCACC TGACGTCTAA 


3351 


GAAACCATTA 


TXATCATGAC AXTAACCTAT AAAAA2AGGC GEAXCACGAG 


3401 


GCCCTTTCGT 


CTTCAC 
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FIG 7 a 

Xhol 

1 CTCGAGAAAT CATAAAAAAT TTATTTGCXT TGTGAGCGGA TAACAATTAT 

ECORI 

51 AAXAGATTCA ATTCTGAGCG GAXAACAATT TCACACAGAA TTCATIAAAG 

BamHI Sail Pstl Hindlll 
101 AGGAGAAATT AACTATCAGG GATCCGTCGA CCTGCAGCCA AGCTEAATTA 

MetArg AspProSerT hrCysSerGl nAla 

151 GCTGAGCTTG GACTCCTGTT GATAGATCCA CTAATGACCT CAGAACTCCA 

201 TCTGGATTTG TTCAGAACGC TCGGTIGCCG CCGGGCGTTT TTTATTGGTG 

251 AGAATCCAAG CTAGCTTGGC GAGATTTTCA GGAGCTAAGG AAGCTAAAAT 

301 GGAGAAAAAA ATCACTGGAT ATACCACCGT TGATATATCC CAATGGCATC 

351 GTAAAGAACA TTTTGAGGCA TITCAGTCAG TTGCTCAATG TACCTATAAC 

401 CAGACCGTTC AGCTGGATAT TACGGCCITT TTAAAGACCG TAAAGAAAAA 

451 TAAGCACAAG TTTEATCCGG CCTTXATTCA CATTCTTGCC CGCCTGATGA 

501 ATOCTCATCC GGAATTTCGT ATGGCAATGA AAGACGGTGA GCTGGTGAIA 

551 TGGGATAGTG TTCACCCTTG TTACACCGTT 0TCCATC2\GC AAACTGAAAC 

601 GTTTTCATCG CTCTGGAGTO AAXACCACGA CGATTTCCGG CAGTTTCTAC 

651 ACATATATTC GCAAGAICTG GCGTCSTACG GTGAAAACCT GGCCTATTTC 

701 CCTAAAGGGT TTATTGAGAA TATGTTTITC GTCTCAGCCA ATCCCTGGGT 

751 GAGTTTCACC AGTTITGATT TAAACGTGGC CAATATGGAC AACTTCTTCG 

801 CCCCCGTTTT CACCATGGGC AAATATTATA CGCAAGGCGA CAAGGTGCTG 

851 ATCCCGCTGG CGATTCAGGT TCATCATGCC GTCTCTGATC GCTTCCATCT 

901 CGGCAGAATG CTTAATGAAT TACAACAGTA CTGCGATCAG TGGCAGGGCG 

951 GGGCGXAATT TTTTTAAGGC AGTEA3TGGT GCCCTCAAAC GCCTGGGGTA 

1001 ATGACTCTCT AGCTTGAGGC ATCAAATAAA ACGAAAGGCT CAGTCGAAAG 

1051 ACTGGGCCTT TCGTTTEATC TGTTGTITGT CGGTCAACGC TCTCCDGAGT 

Xbal 

1101 AGGACAAATC CGCCGCTCTA GAGCTCCCTC GCGCGTTPCG GTGATGACGG 
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FIG 7 b 

1151 TCAAAACCTC TGACACATGC AGCTCCCGGA GACGGTCACA GCTTGTCTGT 
1201 AAGCGGATGC CGGGAGCAGA CAAGCCCGTC AGGGCGCGTC AGCGGGTCTT 
1251 GGCGGGTGTC GGGGCGCAGC CATOACCCAG TCACCTAGCG ATAGCGGAGT 
1301 GTATACTGGC 2TAACEATGC GGCATCAGAG CAGATTOIAC TGAGAGTCCA 
1351 CCATATGCGG TGTGAAAIAC CGCACAGATC CGTAAGGAGA AAATACCGCA 
1401 TCAGGCGCTC TTCCGCTTCC TCGCTCACTG ACTCGCTCCG CTCGGTCTCT 
1451 CGGCTGCGGC GAGCGGTATC AGCTCACTCA AAGGCGGTAA TACGGTTATC 
1501 CAGAGAATCA GGGGAIAACG CAGGAAAGAA CATCTCAGCA AAAGGCCAGC 
1551 AAAAGGCCAG GAACCGTAAA AAGGCCGCGT TCCTGGCGTT TTTCCAIAGG 
1601 CTCCGCCCCC CTGACGAGCA TCACAAAAAT CGACGCTCAA GTCAGAGGTC 
1651 GCGAAACCCG ACAGGACTAT AAAGAXACCA GGCXSTTTCCC CCTGGAAGCT 
1701 CCCTCGTGCG CTCTCCTGTT CCGACCCTGC CGCTTACCGG AIACCTGTCC 
1751 GCCITTCTCC CTTCGGGAAG CGTGGCGCTT TCTCAATOCT CACGCTGTAG 
1801 GTATCTCAGT TCGGTOTAGG TCGTTCGCTC CAAGCTGGGC TOTOTCCACG 
1851 AACCCCCCGT TCAGCCCGAC CGCTGCGCCT TATCCGGTAA CTATCGTCTT 
1901 GAGTCCAACC CGGTAAGACA CGACTEATCG CCACTGGCAG CAGCCACTCG 
1951 TAACAGGA3T AGCAGAGCGA GCTATGTAGG CGGTCC2ACA GAGTTCTTGA 
2001 AGTGGTGGCC TAACTACGGC TACACTAGAA GGACAGTA3T TGGTATCTGC 
2051 GCTCTGCTGA AGCCAGTTAC CTTCGGAAAA AGAGTTOGTA GCTCTTGATC 
2101 CGGCAAACAA ACCACCGCTG GTAGCGGTGG IT1TITIGTT TGCAAGCAGC 
2151 AGATTACGCG CAGAAAAAAA GGATCTCAAG AAGATCCTTT GATCTTTTCT 
2201 ACGGGGTCTG ACGCTCAGTG GAACGAAAAC TCACG1TAAG GGATTTTOGT 
2251 CATGAGATTA TCAAAAAGGA TCTTCACCTA GATCCTTTTA AATTAAAAAT 
2301 GAAGTTTTAA ATCAATCTAA AGTATATATG AGTAAACTTO GTCTCACAGT 
2351 TACCAATGCT TAATCAGTGA GGCACCTATC TCAGCGATCT GTCTATITCG 
2401 TTCATCCATA GCTGCCTGAC TCCCCGTCGT GTAGAXAACT ACGATACGGG 
2451 AGGGCTTACC ATCTGGCCCC AGTGCTGCAA TGAXACCGCG AGACCCACGC 
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FIG 7 c 

2501 TCACCGGCTC CAGATTTATC AGCAATAAAC CAGCCAGCCG GAAGGGCCGA 

2551 GCGCAGAAGT GGTCCTGCAA CTTTATCCGC CTCCATCCAG TCTAITAATT 

2601 GTTGCCGGGA AGCTAGAGTA AGTAGTTCGC CAGTTAATAG TTTGCGCAAC 

2651 GTTCTTCCCA TTGCTACAGG CATCGTGGTG TCACGCTCGT CGTTTGGEAT 

2701 GGCTTCATTC AGCTCCGGTT CCCAACGATC AAGGCGAGCT ACATCATCCC 

2751 CCATCTTGTG CAAAAAAGCG CTTAGCTCCT TCGGTCCTCC GATCGTTOTC 

2801 AGAAGTAAGT TGGCCGCAGT GTTATCACTC ATCGTTAIGG CAGCACTGCA 

2851 TAATTCTCTT ACTGTCATGC CATCCGTAAG ATOCTTITCT GTGACTGGTG 

2901 AGIACTCAAC CAAGTCATTC TGAGAAIAGT GEATGCGGCG ACCGAGTTGC 

2951 TCTTCCCCGG CGTCAATACG GGAIAA02ACC GCGCCACATA GCAGAACTOT 

3001 AAAAGTGCTC ATCATTGGAA AACGTTCOTC GGGGCGAAAA CTCTCAAGGA 

3051 TCT22ACCGCT GTTCAGATCC AGTTCGATCT AACCCACTCG TGCACCCAAC 

3101 TGATCTTCAG CAICTTTTAC TTTCACCAGC GTTTCTCGGT GAGCAAAAAC 

3151 AGGAAGGCAA AATGCCGCAA AAAAGGGAAT AAGGGCGACA CGGAAATCTT 

3201 GAAXACTCAT ACTCTTCCTT TTTCAATATT ATTCAAGCAX TTATCAGGGT 

3251 XAITGTCTCA TOAGCGGATA CAXATTTGAA TGTATTTAGA AAAATAAACA 

3301 AAIAGGGGTT CCGCGCACAT TTCCCCGAAA AGTCCCACCT GACGTCTAAG 

3351 AAACCATEAT TATCATCACA TXAACCTAXA AAAAIAGGCG TATCACGAGG 

3401 CCCTTTCGTC TTCAC 
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FIG 9 a 

Xhol 

1 CTCGAGAAAT CATAAAAAAX TIA TTTOCTT TGTGAGCGGA TAACAATTAT 

ECORI 

51 AATAGAXTCA ATTGTGAGCG GAIAACAATT TCACACAGAA TTCATTAAAG 

BamHl Sail PstI Hindlll 
101 AGGAGAAATT AACTATGAGG ATCCGTCGAC CTGCAGCCAA GCTXAATEAG 

MetArg IleArgArgP rcAlaAlaLy sLeuAsn 

151 CTGAGCTTGG ACTCCTOTTG AIAGATCCAG XAATCACCIC AGAACTCCAT 

201 CTCGATraGT TCAGAACGCT CGGTTGCCGC CGGGCGTTTT TTATTGGTGA 

251 GAATCCAAGC TAGCTTGGCG AGATTTPCAG GAGCXAAGGA AGCTAAAATO 

301 GAGAAAAAAA TCACIGGATA TACCACCGTT GATATATCCC AATGGCATCG 

351 TAAAGAACAT TTTGAGGCAT TTCAGTCAGT TGCTCAATGT ACCXATAACC 

401 AGACCGTTCA GCTGGATATT ACGGC CTTTT tEAAAGACCGT AAAGAAAAAT 

451 AAGCACAAGT TTTATCCGGC CT1TATTGAC ATTCTTGCCC GCCTGATGAA 

501 TGCTCATCCG GAATTTCGTA TOGCAA3GAA AGACGGTGAG CTGGTCATAT 

551 GGGATAGTGT TCACCCITGT TACACOGTTT TCCATGAGCA AACTGAAACG 

601 TTTTCATCGC TCTCGAGTCA ATACCACGAC GATTICCGGC AGTTTCTACA 

651 CATA3A1TCG CAAGATCTGG CGTCTTACGG TCAAAACCTC GCCTATTTCC 

701 CTAAAGGGTT TATTGAGAAT ATGTTTTTCG TCTCAGCCAA TCCCTGGGTG 

751 AGTTTCACCA GTTTTGATTT AAACGTGGCC AATATOGACA ACTTCTTCGC 

801 CCCCGTTTTC ACCATGGGCA AATATTATAC GCAAGGCGAC AAGGTCCTCA 

851 TGCCGCTGGC GATTCAGGTT CATCATCCCG TCTCTGATGG CTTCCATCTC 

901 GGCAGAATGC TTAATGAATT ACAACAGTAC TOCGAIGAGT GGCAGGGCGG 

951 GGCGTAATTT TTTTAAGGCA GTIATTGGTG CCCTTAAACG CCTGGGGTAA 

1001 TGACTCTCTA GCTTGAGGCA TCAAATAAAA CGAAAGGCTC AGTCGAAAGA 

1051 cigggccttt CGrmATcr gttgtttgtc ggtcaacgct ctcctcagta 

Xbal 

1101 ggacaaatcc gccgctctag agctgcctcg cgcgtttcgg tcatcacggt 
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FIG 9 b 

1151 GAAAACCTCT GACACATGCA GCTCCCGGAG ACGGTCACAG CTTGTCTGTA 
1201 AGCGGATGCC GGGAGCAGAC AAGCCCGTCA GGGCGCGTCA GCGGGTGTTG 
1251 GCGGGTOTCG GGGCGCAGCC ATOACCCAGT CACGTAGCGA TAGCGGAGTC 
1301 TAIACTGGCT TAACXATGCG GCAXCAGAGC AGATTCTACT GAGAGTCCAC 
1351 CATATGCGGT GTGAAATACC GCACAGATCC GTAAGGAGAA AATACCGCAT 
1401 CAGGCGCTCT TCCGCTTCCT CX3CTCACTGA CTCGCTGCGC TCGGTCTGTC 
1451 GGCTGCGGCG AGCGGTATCA GCTCACTCAA AGGCGGTAAT ACGGTTATCC 
1501 ACAGAATCAG GGGAIAACGC AGGAAAGAAC ATGTGAGCAA AAGGCCAGCA 
1551 AAAGGCCAGG AACCGTAAAA AGGCCGCGTT GCTGGCGTTT TTCCATAGGC 
1601 TCCGCCCCCC TGACGAGCAT CACAAAAATC GACGCTCAAG TCAGAGGTGG 
1651 CGAAACCCGA CAGGACXATA AAGAIACCAG GCCTTTCCCC CTGGAAGCTC 
1701 CCTCGTGCGC TCTCCTGTTC CGACCCTGCC GCTTACCGGA TACCTGTCCG 
1751 CCTTTCTCCC TTCGGGAAGC GTGGCGCTTT CTCAATCCTC ACGCICTAGG 
1801 TATCTCAGTT CGGTGTAGGT CGTTCGCTCC AAGCTGGGCT GTCTGCACGA 
1851 ACCCCCCGTT CAGCCCGACC GCTGCGCCTT ATCCGGTAAC XATC GTCTIG 
1901 AGTCCAACCC GGTAAGACAC GACTTATCGC CACTGGCAGC AGCCACTCGT 
1951 AACAGGATTA GCAGAGCGAG GTATGTAGGC GGTGCTACAG A GTTCTTGA A 
2001 GTOGTCGCCT AACTACGGCT ACACTAGAAG GACAGTATTT GGTATCTGCG 
2051 CTCTCCTGAA GCCAGHACC TTCGGAAAAA GAGTTGGTAG CTCTTGATCC 
2101 GGCAAACAAA CCACCGCTGG XAGOGGTGGT TTTTTTGTTT GCAAGCAGCA 
2151 GAITACGCGC AGAAAAAAAG GATCTCAAGA AGATCCITTG ATCTTITCTA 
2201 CGGGGTCTGA CGCTCAGTGG AAOGAAAACT CACGTTAAGG GATTTTGGTC 
2251 AIGAGATIAT CAAAAAGGAT CTTCACCTAG ATCCTTTEAA ATTAAAAATG 
2301 AAGTTTTAAA TCAATCTAAA GTATATATCA GTAAACTTCG TCTGACAGTT 
2351 ACCAATGCTT AATCAGTGAG GCACCTATCT CAGCGATCTG TCTATTTCGT 
2401 TCATCCATAG CTCCCTGACT CCCCGTCGTG TAGATAACTA CGATAOGGGA 
2451 GGGCTTACCA TCTGGCCCCA GTGCTOCAAT GATACCGCGA GACCCACGCT 
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FIG 9 c 



2501 


CACCGGCTCC 


AGATTTATCA GCAAIAAACC AGCCAGCCGG 


AAGGGCCGAG 


2551 


CGCAGAAGTG 


GTCCTGCAAC TTTKTCCGCC TCCATCCAGT 


CTATTAATTG 


2601 


TTCCCGGGAA 


GCTAGAGTAA GTAGTTCGCC AGTTAATAGT 


TTGCGCAACG 


2651 


TTGTTGCCAT 


TGCTACAGGC ATCGTCGTGT CACGCTCGTC 


GTTTGGTATG 


2701 


GCTTCATTCA 


GCTCCGGTTC CCAACGATCA AGGCGAGTTA 


CATCATCCCC 


2751 


CATGTTGTGC 


AAAAAAGCGG TTAGCTCCTT CGCTCCTCCG 


ATCGTTGTCA 


2801 


GAAGTAAGTT 


GGCCGCACTG TEATCACTCA TGGTTATGGC 


AGCACTGCAT 


2851 


AATPCTCITA 


CTGTCATGCC ATCCGTAAGA TGCTTTTCTG 


TGACTGGTGA 


2901 


GTACTCAACC 


AAGTCATTCT GAGAAIAGTG TATGCGGCGA 


CCGAGTTGCT 


2951 


CTIGCCCGGC 


GTCAATACGG GAIAAIACCG CGCCACATAG 


CAGAACTTTA 


3001 


AAAGTGCTCA 


TCATTGG&AA JWUUl'XGG GGGCGAAAAC 


TCTCAAGGAT 


3051 


CTTACCGCTG 


TIGAGATCCA GTTCGA1CTA ACCCACTCGT 


GCACCCAACT 


3101 


GATCTTCAGC 


ATCTTTTACT TTCACCAGCG TTPCTOGGTO 


AGCAAAAACA 


3151 


GGAAGGCAAA 


ATGCCGCAAA AAAGGGAATA AGGGCGACAC 


GGAAATGTTG 


3201 


AAIACTCATA 


CTCTTCCTTT TTCAAIATTA TTGAAGCATT 


TATCAGGGTT 


3251 


ATTGTCTCAI 


GAGCGGAIAC AXATTTGAAT GXATTTAGAA 


AAATAAACAA 


3301 


AXAGGGGTTC 


CGCGCACATT TCCCCGAAAA GTGCCACCTG 


ACGTCTAAGA 


3351 


AACCAXIAXT 


ATCATGACAT XAACCTAIAA AAAXAGGCGT 


ATCACGAGGC 


3401 


CCTTTCGTCT 


TCAC 
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FIG 11 a 



Hindi 1 1 



1 AAGCTTCACG CTCCCGCAAG CACTCAGGGC GCAAGGGCTC CTAAAGGAAG 

51 CGGAACACGT AGAAAGCCAG TCCGCAGAAA CGGTCCTGAC CCCGGATGAA 

101 TGTCAGCTAC TGGGCTATCT GGACAAGGGA AAACGCAAGC GCAAAGAGAA 

151 AGCAGGTAGC TTCCAGTGGG CTTACATCGC GATAGCTAGA CTGGGCGGTT 

201 TEATGGACAG CAAGCGAACC GGAATTCCCA GCTGGGGCGC CCTCTGGTAA 

251 GGTTGGGAAG CCCTGCAAAG TAAACTGGAT GGCTTTCTTG CCGCCAAGGA 

301 TCTGATGGCG. CAGGGGATCA AGATCTGATC AAGAGACAGG ATGAGGATCG 

351 TTTCGCATGA TTGAACAAGA TCGATTGCAC GCAGGTTCTC CGGCCGCTTG 



401 GGTGGAGAGG CTATTCGGCT ATCACIGGGC ACAACAGACA ATCGGCTGCT 

451 CTGATGCCGC CGTGTTCCGG CTGTCAGCGC AGGGGCGCCC GGTT CTTTTT 

501 GTCAAGACCG ACCTGTCCGG TGCCCTGAAT GAACTCCAGG ACGAGGCAGC 

551 GCGGCEATCG TCGCTCGCCA CGACGGGCGT TCCTPGCGCA GCTG TC CTCG 

601 ACGTTOTCAC TGAAGCGGGA AGGGACTGGC TGCTATTGGG CGAAGTGCCG 

651 GGGCAGGATC TCCTGTCATC TCACCTTGCT CCTGCCGAGA AAGTATCCAT 

701 CATGGCTGAT GCAATGCGGC GGCTGCATAC GCTTGATCCG GCTACCTGCC 

751 CATTCGACCA CCAAGCGAAA CATCGCATCG AGCGAGCACG TACTCGGATG 

801 GAAGCCGGTC TTCTCGATCA GGATGATCTG GACGAAGAGC ATCAGGGGCT 

851 CGCGCCAGCC GAACTGTTCG CCAGGCTCAA GGCGCGCATG CCCGACGGCG 

901 AGGATCTCGT CGTGACCCAT GGCGATGCCT GCTTGCCGAA TATCATGGTG 

951 GAAAATGGCC GCTTTTCTGG ATTCATCGAC TGTGGCCGGC TCGGTGTCGC 

1001 GGACCGCTAT CAGGACATAG CGTTGGCTAC CCGTGATATT GCTGAAGAGC 

1051 TTGGCGGCGA ATCGGCTGAC CGCTTCCTCG TGCTTTACGG TATCGCCGCT 

1101 CCCGATTCGC AGCGCATCGC CTTCTATCGC CTTCTTGACG AGTTCTTCTG 



Met 



Phe 



1151 AGCGGGACTC 



AATGACCGAC CAAGCGACGC CCAACCTGCC 
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FIG 11 b 

1201 ATCACGAGAT TTCGATTCCA CCGCCGCCTT CTATGAAAGG TTGGGCTTCG 
1251 GAATCGTTTT CCGGGACGCC GGCTGGATGA TCCTCCAGCG CGGGGATCTC 
1301 ATGCTGGAGT TCTTCGCCCA CCCCGGGCTC GATCCCCTCG CGA GTTOGTT 
1351 GAGCTGCTGC CTGAGGCTGG ACGACCTCGC GGAGTTCEAC CGGCAGTGCA 
1401 AATCCGTCGG OVTCCAGGAA ACCAGCAGCG GC1ATCCGCG CATCCATGCC 

Sail 

1451 CCCGAACTCC AGGAGTGGGG AGGCACGATG GCCGCTTTGG TCGACAATTC 

1501 GCC5CTAACTT ACATIAATTO CGTTCCGCTC ACTGCCCGCT TTCCAGTCGG 

(Gin) 

1551 GAAACCTGTC GTGCCAGCPG CATTAATGAA TCGGCCAACG CGCGGGGAGA 

1601 GGCGGTTTCC GTATTCGGCG CCAGGGTCGT TTTTCnTTC ACCAGTGAGA 

1651 CGGGCAACAG CTGATTOCCC ITCACCGCCT GGCCCTGAGA GAGTTGCAGC 

1701 AAGCGGTCCA CGCTGGTTTG CCCCAGCAGG CGAAAATCCT GTT1G &TGGT 

1751 GGTTAACGGC GGGATATAAC ATCAGCTGTC TTCGCTATCG TCGTATCCCA 

1801 CTACCGAGAT ATCCGCACCA ACGCGCACCC CGGACTCGGT AATGGCGCGC 

1851 ATTGCGCCCA GCGCCATCTG ATCGTTGGCA ACCAGCATCG CAGTGGGAAC 

1901 GATOCCCTCA TTCAGCATTT GCATGGTTTG TTOAAAACCG GACATCGCAC 

1951 TCCAGTCGCC TTCCCGTTCC GCTATCGGCT GAATTTGATX GCGAGTGAGA 

2001 TATTTATGCC AGCCAGCCAG ACGCAGACGC GCCGAGACAG AACTTAATCG 

2051 GCCCGCTAAC AGCGCGATTT GCTGGTGACC CAATGCGACC AGATGCTCCA 

2101 CGCCCAGTCG CGXACCGTCT TCATCGGAGA AAATAATACT GTTGATCGGT 

2151 GTCTGGTCAG AGACATCAAG AAATAACGCC GGAACATTAG TGCAGGCAGC 

2201 TTCCACAGCA ATGGCATCCT GGTCATCCAG CGGATAGTTA ATGATCAGCC 

2251 CACTGACGCG TTGCGCGAGA AGATTGTGCA CCGCCGCTTT ACAGGCTTCG 

2301 ACGCCGCTTC GTTCEACCAT CGACACCACC ACGCTGGCAC CCAGTTGATC 

2351 GGCGCGAGAT TTAATCGCCG CGACAATITC CGACGGCGCG TGCAGGGCCA 

2401 GACTGGAGGT GGCAACGCCA ATCAGCAACG ACTGTTTG CC CGCCAGTTGT 
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FIG 11 c 

2451 TGTGCCACGC GGTTGGGAAT GTAATTCAGC TCCGCCATCG CCGCTTCCAC 
2501 TTTTTCCCGC GTTTTCGCAG AAACGTGGCT GGCCTGGTTC ACCACGCGGG 
2551 AAACGGTCTG ATAAGAGACA CCGGCATACT CTGCGACATC GTATAACGTT 
2601 ACTGGTTTCA CATTCACCAC CCTGAATTGA CTCTCTTCCG GGCGCTATCA 

(Me t) 

2651 TGGCATACCG CGAAAGGTTT TGCACCATTC GATGGTGTCA ACGTAAATGC 

Sail 
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ACGGGGCGGA 


3001 


GATTTCCTGG 


AAGATGCCAG GAAGATACTT 


AACAOOGAAO 


TGAGAGGGCC 


3051 


GCGGCAAAGC 


CGTTTTTCCA TAGGCTCCGC 


CCCCCTGACA 


AGCATCACGA 


3101 


AATCTGACGC 


TGAAATCAGT GGTGGCGAAA 


CCCGACAGGA 


CTA22AAAGAX 


3151 


ACCAGGCGTT 


TCCCCTCGCG GCTCCCTCGT 


GCGCTCTCCT 




3201 


TTCGGTTTAC 


CGGTGTCATT CCGCTGTTAT 


GGCCGCGTTT 


GTCTCATTCC 


3251 


ACGCCTGACA 


CTCAGTTCCG GGTAGGCAGT 


TCGCTCCAAG 


CTCGACTGTA 


3301 


TGCACGAACC 


CCCCGTICAG OXTCGACCGCT 


GCGCCTTATC 


CGGXAACTAT 


3351 


CGTCTTGAGT 


CCAACCCGGA AAGACATGCA 


AAAGCACCAC 


TGGCAGCAGC 


3401 


CACTGGTAAT 


TCA1TIAGAG GAGTTAGTCT 


TGAAGTCATG 


CGCCGGTIAA 


3451 


GGCTAAACTC 


AAAGGACAAG 1TTTGGTCAC 


TCOGCTCCTC 


CAAGCCAGTT 


3501 


ACCTCGGTTC 


AAAGAGTTGG TAGCTCAGAG 


AACCTTCGAA 


AAACCGCCCT 


3551 


GCAAGGCGGT 


TTTTTCGTTT TCAGAGCAAG 


AGATTACGCG 


CAGACCAAAA 


3601 


CGATCTCAAG 


AAGATCATCT TATTAATCAG 


ATAAAATATT 


TCTAGATTTC 


3651 


AGTGCAATTT 


ATCTCTTCAA ATGTAGCACC 


TGAAGTCAGC 


CCCATACGAT 


3701 


ATAAGTTGTT 


AATTCTCATG TTTGACAGCT 


1ATCATCGAT 
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